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(54) DEVICE AND METHOD FOR PROJECTION ALIGNMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
throughput of a projection aligner and to reduce the 
size and weight of a substrate stage. 
SOLUTION: The operations of two stages WS1 and 
WS2 are controlled, so that the positional relation 
between the alignment mark of a substrate W2 and a 
reference plate FM2 on the stage WS2 may be 
detected accurately by using the detected results of 
an alignment system 24b and measured values on a 
length measuring axis EM5Y, while the substrate W1 
is exposed through a projection optical system PL by 
controlling the position of the stage WS1 by using 
measured values on length measuring axes BMX and 
BI3Y. When the operations of both stages WS1 and 

WS2 are terminated, in addition, the interferometer on the axis BI3Y is reset in a state 
where the position of the stage WS2 can be measured by using the measured values on 
the axis BI3Y and, at the same time, the operations of the stage WS2 are controlled so 
that the reference plate FM2 can be positioned to a position, where the positional relation 
between the interferometer and a prescribed reference point {projecting center of the 
image of a mask pattern) in the projection area of the projection optical system can be 
detected, 
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* NOTICES * 

CFFO and INFIT ar@ not ra sponsible for any 
damages caused by the us© of this translation, 

1 .This document has been translated by computer, So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 11 It is the projection aligner which carries out projection exposure of the image of the 
patten, fenced in the mask on an induction substrate through projection optics. Said projection 
optics is established independently, an induction substrate — holding — the inside of a two- 
dimensional flat surface — the movable 1st substrate stage and; induction substrate — holding — the 
inside of the same flat surface as said 1st substrate stage — said 1st substrate stage — the 
independently movable 2nd substrate stage and; — The alignment system for detecting the mark on 
the induction substrate held on said substrate stage or on said substrate stage; the location of said 1st 
shaft orientations of said 1st substrate stage from the one side of the 1st shaft orientations passing 
through the projection core of said projection optics, and the detection core of said alignment system 
The always measured 1st length measurement shaft and the 2nd length measurement shaft which 
always measures the location of said 1st shaft orientations of said 2nd substrate stage from the other 
side of said 1st shaft orientations, The 3rd length measurement shaft which intersects said 1st shaft 
and perpendicular focusing on projection of said projection optics, It has the 4th length measurement 
shaft which intersects said 1st shaft and perpendicular focusing on detection of said alignment 
system. With these length measurement shafts The two-dimensional location of said 1st and 2nd 
substrate stage Interferometer systems measured, respectively; while the induction substrate which 
the location of one stage of said 1st substrate stage and the 2nd substrate stages was managed using 
the measurement value of said 3rd length measurement shaft of said interferometer systems, and was 
held on one [ this ] stage is exposed The physical relationship of the alignment mark on the induction 
substrate held on the stage of another side of said 1 st substrate stage and the 2nd substrate stages and 
the reference point on the stage of said another side the detection result of said alignment system, 
and the measurement value of the 4th length measurement shaft of said interferometer systems After 
controlling actuation of said two substrate stages to be used and detected, while using the 
measurement value of said 3rd length measurement shaft and resetting the interferometer of said 3rd 
length measurement shaft in the condition in which location measurement of the stage of said 
another side is possible The control means which controls actuation of the stage of said another side 
so that the origin/datum on the stage of said another side is positioned in the location which can 
detect physical relationship with the predetermined origin/datum in the projection field of said 
projection optics, and the projection aligner which has;. 

[Claim 2] It has another alignment system which has a detection core on said 1st shaft in the opposite 
side of said alignment system about said projection optics, Said interferometer systems It has the 5th 
length measurement shaft which intersects said 1st shaft and perpendicular focusing on detection of 
said another alignment system. Said control means While the induction substrate which the location 
of one [ said ] stage was managed using the measurement value of said 3rd length measurement shaft 
of said interferometer systems, and was held on one [ this ] stage is exposed After controlling 
actuation of said two substrate stages so that the physical relationship of the alignment mark on the 
induction substrate held on the stage of said another side and the reference point on the stage of said 
another side is detected using the detection result of said alignment system, and the measurement 
value of the 4th length measurement shaft of said interferometer systems While resetting the 
interferometer of said 5th length measurement shaft in the condition in which location measurement 
of one [ said ] stage is possible using the measurement value of said 5 th length measurement shaft 
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The projection aligner according to claim 1 characterized by controlling actuation of one [ said ] 
stage so that the origin/datum on one [ said ] substrate stage is positioned in the detection field of 
said another alignment system, 

[Claim 3] It is the projection aligner according to claim 2 which has further the carrier system which 
delivers an induction substrate between said 1st substrate stage and said 2nd substrate stage, and said 
control means is in the condition which positioned the origin/datum on one [ said ] substrate stage in 
the detection field of said another alignment system, and is characterized by delivering a substrate 
between one [ said ] stage and said carrier system, 

[Claim 4] It is the projection aligner according to claim 1 which the reference mark as a reference 
point of said stage is formed on said 1st substrate stage and said 2nd substrate stage, respectively, 
and is characterized by to have further a mark location detection means the predetermined reference 
point in the projection field of said projection optics is based on projection of the pattern image of 
said mask, and detect the relative-position relation between the projection core of the pattern image 
of said mask, and the reference mark on said stage through said mask and said projection optics. 
[Claim 5] It is the projection exposure approach which carries out projection exposure of the image 
of the pattern of a mask on an induction substrate through projection optics. While an induction 
substrate is held, two independently movable substrate stages are respectively prepared for the inside 
of the same flat surface and a predetermined interferometer performs one location measurement of 
said two stages Projection exposure of the pattern image of said mask is carried out on the induction 
substrate held on one [ this ] stage. While an interferometer other than said predetermined 
interferometer performs location measurement of the stage of another side of said two stages during 
exposure of the substrate held on one [ said ] stage The physical relationship of the alignment mark 
on the substrate held on the stage of this another side and the reference point on the stage of said 
another side is measured. While resetting said predetermined interferometer with said predetermined 
interferometer after exposure termination of the substrate held on one [ said ] stage in the condition 
in which location measurement of the stage of said another side is possible The origin/datum of the 
stage of said another side is positioned in the location which can detect physical relationship with the 
predetermined origin/datum in the projection field of said projection optics, The projection exposure 
approach characterized by performing alignment of the induction substrate and the pattern image of a 
mask which were held on the stage of said another side using said reset predetermined interferometer 
based on said measured physical relationship. 

[Claim 6] It is the projection aligner which carries out projection exposure of the image of the 
pattern formed in the mask on an induction substrate through projection optics. Said projection 
optics is established independently, an induction substrate - holding the inside of a two- 
dimensional flat surface - the movable 1st substrate stage and; induction substrate - holding - the 
inside of the same flat surface as said 1st substrate stage — said 1st substrate stage — the 
independently movable 2nd substrate stage and; — The reference mark on said substrate stage And 
the alignment system for detecting the mark on the induction substrate held on said substrate stage; 
The 1st length measurement shaft for measuring the location of said 1st shaft orientations of said 1st 
substrate stage from the one side of the 1st shaft orientations passing through the projection core of 
said projection optics, and the detection core of said alignment system, The 2nd length measurement 
shaft for measuring the location of said 1st shaft orientations of said 2nd substrate stage from the 
other side of said 1st shaft orientations, It has the 3rd length measurement shaft which intersects 
perpendicularly with said 1st shaft focusing on projection of said projection optics, and the 4th 
length measurement shaft which intersects perpendicularly with said 1st shaft focusing on detection 
of said alignment system. With these length measurement shafts The two-dimensional location of 
said 1st and 2nd substrate stage Interferometer systems measured, respectively; while exposing the 
induction substrate on one [ this ] stage, managing the location of one stage of said 1st substrate 
stage and said 2nd substrate stages using the 3rd length measurement shaft of said interferometer 
systems While searching for the physical relationship of the mark on the induction substrate held on 
the stage of said another side, and the reference mark on the stage of said another side using said 
alignment system, managing the location of the stage of said another side using the 4th length 
measurement shaft of said interferometer systems After exposure of the induction substrate held on 
one [ said ] stage The projection aligner characterized by having the control means which searches 
for the physical relationship of the projection location of the pattern image of said mask by said 
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projection optics, and the reference mark on the stage of said another side, managing the location of 
the stage of said another side using said 3rd length measurement shaft, and;. 
[Claim 7] The projection aligner according to claim 6 which is after exposure of the induction 
substrate held on one [ said ] stage, and is characterized by resetting the measurement value of the 
3rd length measurement shaft of said interferometer systems when searching for the physical 
relationship of the projection location of the pattern image of said mask by said projection optics, 
and the reference mark on the stage of said another side, 

[Claim 8] the physical relationship of the mark on the induction substrate with which said control 
means was held on the stage of said ano ther side, and the reference mark on the stage of the another 
side — and When the physical relationship of the projection location of the pattern image of said 
mask by said projection optics and the reference mark on the stage of said another side is searched 
for The projection aligner according to claim 6 characterized by exposing the induction substrate 
held on the stage of said another side while controlling the location of the stage of said another side 
based on the measurement result of the 3rd length measurement shaft G f ****** 
[Claim 9] Said control means is a projection aligner according to claim 8 characterized bv 
positioning the stage of said another side and exchanging an induction substrate after exposure of the 
induction substrate held on the stage of said another side so that the reference mark on the stage of 
said another side may enter in the detection field of said alignment system, 

[Claim 10] The projection aligner according to claim 9 characterized by resetting the measurement 
value of the 4th length measurement shaft of said interferometer systems when detecting the 
reference mark on the stage of said another side by said alignment system. 
[Claim 1 1 ] It is the projection aligner which carries out projection exposure of the image of the 
pattern formed in the mask on an induction substrate through projection optics. Hold an induction 
substrate and the movable 1st substrate stage and; induction substrate are held for the inside of a 
two-dimensional flat surface. Carrier system with which said 1st substrate stage delivers an induction 
substrate for the inside of the same flat surface as said 1st substrate stage between the independently 
movable 2nd substrate stage, the 1st substrate stage of; above, and said 2nd substrate stage; Said 
projection optics is established independently The alignment system for detecting the mark on the 
substrate held on the reference mark and said substrate stage on said substrate stage; while one stage 
of said 1st substrate stages and said 2nd substrate stages performs delivery of said carrier system and 
induction substrate It has the control means which controls said two substrate stages so that the stage 
of another side performs exposure actuation. This control means The projection aligner characterized 
by controlling one [ said ] stage so that the reference mark on one [ said ] stage enters in the 
detection field of said alignment system, when one [ said ] stage delivers an induction substrate 
between said carrier system. 

[Translation done.] 
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* NOTICES * 

iJPO and X&IPXT are not; responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2, **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a projection aligner and the projection exposure 
approach, and about the projection aligner and the projection exposure approach of carrving out 
projection exposure of the image of the pattern formed in the mask in more detail on an induction 
substrate through projection optics, especially, two substrate stages are moved independently and it 
has the description at the point of performing exposure processing and other processings in parallel. 
[0002] 

[Description of the Prior Art] Although various aligners are conventionally used when 
manufacturing a semiconductor device or a liquid crystal display component at a photolithography 
process, generally in current, the projection aligner imprinted on substrates (an "induction substrate" 
is called suitably hereafter), such as a wafer with which the photo mask or the pattern image of a 
reticle (it is hereafter named a "reticle" genetically) was applied to sensitization material, such as a 
photoresist, by the front face through projection optics, or a glass plate, is used. The so-called 
contraction projection aligner (the so-called stepper) of the step-and-repeat method which lays an 
induction substrate on a freely movable substrate stage two-dimensional, is made to carry out 
stepping (stepping) of the induction substrate by this substrate stage as this projection aligner in 
recent years, and repeats the actuation which carries out sequential exposure of the pattern image of 
a reticle to each shot field on an induction substrate is in use. 

[0003] Comparatively many projection aligners (for example, scanning aligner which was indicated 
by JP,7- 176468, A etc.) of step - which added amelioration to package mold aligners, such as this 
stepper, and - scanning method have also recently come to be used. It has the equalization 
effectiveness by carrying out the relative scan of a reticle and the wafer to ** projection optics which 
can expect a high throughput by reduction of the shots per hour by large field exposure, and has a 
merit with the expectable improvement in distortion or the depth of focus while manufacture of 
projection optics is easy for it, since the projection aligner of this step - and - scanning method can 
expose the large field by smaller optical system compared with ** stepper. Furthermore, since the 
degree of integration of a semiconductor device becomes [ the large field ] indispensable still more 
in the future in connection with DRAM of 16M (megger) to 64M, and becoming high with a time 
like 256M and 1G (G), it is said that a scanning mold projection aligner wall become in use instead 
of a stepper. 
[00041 

[Problem(s) to be Solved by the Invention] It is requested inevitably that the throughput, i.e., a 
throughput, whether it can carry out exposure processing of the wafer of the number of sheets of 
which in fixed time amount since this kind of projection aligner is used mainly as mass-production 
machines, such as a semiconductor device, should be raised, 

[0005] About this, in the case of the projection aligner of step - and - scanning method, when 
exposing the large field, as stated previously, since the shots per hour exposed in a wafer decreases, 
improvement in a throughput is expected, but From exposure being performed during the uniform 
migration by synchronous scan with a reticle and a wafer When an acceleration/deceleration space is 
needed before and behind the uniform migration field and it exposes the shot of magnitude 
equivalent to a stepper's shot size temporarily, a throughput may fall from a stepper on the contrary. 
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[0006] The flow of the processing in this kind of projection aligner has become like size Yoji, 
[0007] ** The wafer load process which loads a wafer on a wafer table using a wafer loader is 
performed first. 

[0008] Next, the search alignment process that a search alignment device performs rough location 
detection of a wafer is performed. Specifically, this search alignment process is performed by 
detecting [ **** ] the search alignment mark on a wafer on the basis of the appearance of a wafer. 
[0009] ** Next, the fine alignment process which asks for the location of each shot field on a wafer 
correctly is performed. Generally as for this fine alignment process, an EGA (en hunger strike global 
alignment) method is used. This method Choose two or more sample shots in a wafer, and sequential 
measurement of the location of the alignment mark (wafer mark) attached to the sample shot 
concerned is carried out. Based on this measurement result and the design value of a shot array, the 
statistics operation by the so-called least square method etc. is performed. It can ask for all the shot 
array data on a wafer, and can ask for the coordinate location of each shot field comparatively with 
high precision by the high throughput (reference, such as JP,6 1-44429, A). 
[0010] ** Next, the exposure process which imprints the pattern image of a reticle on a wafer 
through projection optics is performed, carrying out sequential positioning of each shot field on a 
wafer in an exposure location based on the coordinate location of each shot field for which it asked 
with the EGA method mentioned above, and the amount of base lines measured beforehand. 
[001 1] ** Next, the wafer unload process to which the wafer unload of the wafer on the wafer table 
by which exposure processing was carried out is carried out using a wafer unloader is performed. 
This wafer unload process is performed to the wafer load process and coincidence of the above- 
mentioned ** of a wafer which perform exposure processing. That is, a wafer exchange process is 
constituted by and **, 

[0012] thus the conventional projection aligner - wafer exchange -> search alignment -> fine 
alignment -> exposure -> wafer exchange — like four actuation is greatly performed repeatedly 
using one wafer stage. 

[0013] Moreover, the throughput THOR of this kind of projection aligner [**/time amount] can 
express the wafer swap time mentioned above like a degree type (I) for Tl and search alignment 
time amount, when T2 and fine alignment time amount are made into T3 and the exposure time is 
made into T four. 
[0014] 

THOR-3600/(Tl+T2+T3-fT four) ...... (1) 

actuation of the above Tl - T four — T — repeat activation is carried out one by one (sequentially) 
like 1 ->T2 ->T3->T-four->Tl .... For this reason, if each element to Tl - T four is accelerated, a 
denominator can become small and can raise Throughput THOR. However, since 1 actuation is only 
performed to one wafer, the effectiveness of an improvement of T l (wafer swap time) and T2 which 
were mentioned above (search alignment time amount) is comparatively small. Moreover, in the case 
of T3 (fine alignment time amount), if the number of samplings of a shot is lessened or the 
measurement time amount of a shot simple substance is shortened in case the EGA method 
mentioned above is used, a throughput can be raised, but since alignment precision is made to 
deteriorate conversely, T3 cannot be shortened easily. 

[0015] Moreover, T four (exposure time) includes the wafer exposure time and the stage stepping 
time between shots. For example, in the case of a scanning projection aligner like step - and - 
scanning method, although only the part which shortens the wafer exposure time needs to gather the 
relativescan speed of a reticle and a wafer, a scan speed cannot be easily gathered from synchronous 
precision deteriorating, 

[0016] Moreover, as important conditions, ** resolution, ** depth of focus (DOF:Depth of Forcus), 
and ** line breadth control precision are mentioned besides the above-mentioned throughput side 
with this kind of projection aligner. When exposure wavelength is set to lambda and numerical 
aperture of a projection lens is made into N.A. (Numerical Aperture), resolution R is proportional to 
lambda/N.A., and the depth of focus DOF is lambda/2 (N.A.) It is proportional. 
[00 17] For this reason, for raising resolution R (the value of R is made small), it is necessary to make 
exposure wavelength lambda small or, and it is necessary to enlarge numerical-aperture N.A. 
Especially, recently, densification, such as a semiconductor device, is progressing, and since a device 
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rule is becoming below 0.2micromL/S (Rhine - and - tooth space), in order to expose these patterns, 
KrF excimer laser is used as a source of the illumination light. However, as mentioned above, the 
degree of integration of a semiconductor device of going up further in the future is inevitable, and 
development of equipment equipped with the light source [ short wavelength / KrF ] is desired. 
Although equipment, an electron ray aligner, etc. which made ArF excimer laser the light source are 
typically mentioned as a candidate of the equipment of the next generation equipped with such the 
short wavelength light source In the case of ArF excimer laser, light hardly penetrates in a place with 
oxygen. When it is hard to come out of high power, the life of laser is also short, and the technical 
technical problem that equipment cost is high has accumulated. Moreover, since there is un- 
arranging [ that a throughput is remarkable and it is low compared with an optical aligner ] in the 
case of an electron ray aligner, as for development of the next-generation machine which made short 
wavelength-ization the main viewpoints, not going so that it may consider is actual. 
[0018] Although enlarging numerical-aperture N.A. is also considered as other technique of raising 
resolution R ? when N.A. is enlarged, there is a demerit that DOF of projection optics becomes small. 
This DOF can be divided roughly into UDOF(s) (the part used by the User Depth of Forcus:user 
side: a pattern level difference, resist thickness, etc.), and the own comprehensive focal difference of 
equipment. Until now, since the ratio of UDOF was large, the direction which takes large DOF is the 
main shaft of aligner development, it considers as the technique of taking this large DOF, for 
example, deformation lighting etc. is put in practical use. 

[0019] By the way, although it is necessary to form on a wafer the pattern with which last shipment 
(Rhine - and - tooth space), Isolation L (Rhine), Isolation S (tooth space) and CH (contact hole), etc, 
combined in order to manufacture a device, the exposure parameters for performing the optimal 
exposure for every pattern configurations, such as the above-mentioned last shipment and isolated 
Rhine, differ. For this reason, it is performed that resolution asks for common exposure parameters 
(the coherence factor sigma, N.A., exposure control precision, reticle drawing precision, etc) with 
which it becomes in a predetermined allowable error, and predetermined DOF is obtained to desired 
value, and makes this the specification of an aligner conventionally using the technique of ED-TREE 
(CH from which a reticle differs removes). However, it is thought that there is the following 
technical flow from now on. 

[0020] ** By improvement in process technical (wafer top flattening), the reduction in a pattern level 
difference and resist thickness reduction may progress, and UDOF may become less than 
[ 1 micrometer base ->0.4micrometer ]. 

[0021] ** Exposure wavelength has short-wavelength-ized with g line (436nm) ->i line (365nm) - 
>KrF (248nm). However, only the light source to ArF (193) is examined and the technical hurdle is 
also high from now on. It shifts to EB exposure after that. 

[0022] ** It is expected that scan exposure like step - and - scan becomes the mainstream of a 
stepper instead of quiescence exposure like step-and-repeat one. Large field exposure is possible for 
this technique at the small projection optics of a path (especially the scanning direction), and it tends 
to realize that part quantity N.A.-ization. 

[0023] The above technical trends are made into a background, a double exposure method is 
improved as an approach of raising marginal resolution, in this double exposure method, it uses for 
an ArF aligner inthe future, and KrF and the attempt in which it will expose to O.lmicromL/S are 
examined. Generally a double exposure method is divided roughly into the following three 
approaches. 

[0024] (1) Form in a separate reticle last shipment and the isolated line by which exposure 
parameters differ, and expose to a duplex on the same wafer according to the optimal exposure 
conditions respectively, 

[0025] (2) When a phase shift method etc. is introduced, marginal resolution of last shipment is 
higher than an isolated line at the same DOF. By using this, all patterns are formed by last shipment 
by the reticle of the 1st sheet, and an isolated line is formed by operating last shipment on a curtailed 
schedule in the reticle of the 2nd sheet. 

[0026] (3) Generally an isolated line can obtain resolution high at small N.A, from last shipment 
(however, DOF becomes small). Then, all patterns are formed by the isolated line and last shipment 
is formed with the combination of the isolated line formed bv the reticle of the 2nd sheet with the 1st 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/22/2007 



P*pi-214783,A [DETAILED DESCRIPTION] 



Page 4 of 28 



sheet, respectively. 

[0027] The above-mentioned double exposure method has two effectiveness, the improvement in 
resolution, and the improvement in DOF. 

[0028] However, since a double exposure method needs to perform exposure processing two or more 
times using two or more reticles, From there having been un-arranging [ that the exposure time (T 
four) became more than twice compared with conventional equipment, and a throughput deteriorated 
sharply ], actually The double exposure method is not examined not much earnestly, L 
improvement in resolution and the depth of focus (DOF) has been conventionally performed by 
ultraviolet-izing of exposure wavelength, deformation lighting, the phase shift reticle, etc. 
[0029] However, when the double exposure method described previously was used for KrF and an 
ArF aligner, and exposure to QJmicromL/3 was realized, it does not have misgiving that it is the 
leading alternative of development of the next-generation machine aiming at the mass production of 
DRAM of 256M and 1G, and it looked forward to development of a new technique for improvement 
in the throughput which is the technical problem of the double exposure method used as the neck for 
it. 

[0030] If four actuation mentioned above, i.e., wafer exchange, search alignment, fine alignment, 
and two or more actuation of the exposure actuation can be processed in [ that it is also partial ] 
concurrency about this Although it will be the requisite it to be thought compared with the case 
where these four actuation is performed sequentially for that a throughput can be raised, and to 
prepare two or more substrate stages for that purpose Although a theory top can regard this as easy, 
in order to prepare two or more substrate stages actuallv and to demonstrate sufficient effectiveness, 
many problems which must be solved have accumulated. For example, in arranging two substrate 
stages of magnitude comparable as the present condition [ only ], the installation area (the so-called 
footprint) of equipment increases remarkably, and there is un-arranging [ of causing the cost rise of 
the clean room on which an aligner is put ]. Moreover, since it is necessary to expose by performing 
alignment of the pattern image of a mask, and an induction substrate using the result of the alignment 
after performing alignment to the induction substrate on the same substrate stage, in order to realize 
highly precise superposition, the solution with realistic making one side only into for example, for 
exposure between two substrate stages, and only making another side only into for alignment etc. 
cannot change. 

[00311 This invention was made under this situation and the 1st purpose is in offering the projection 

aligner which can attain improvement in a throughput, and small and lightweight-izing of a substrate 

stage by parallel processing of exposure actuation, alignment actuation, etc. 

[0032] Moreover, the 2nd purpose of this invention is to offer the projection exposure approach 

which can attain improvement in a throughput, and small and lightweight-izing of a stage. 

[0033] 

[Means for Solving the Problem] Invention according to claim 1 is a projection aligner which carries 
out projection exposure of the image of the pattern formed in the mask (R) on an induction substrate 
(Wl, W2) through projection optics (PL). Hold an induction substrate (Wl) and the movable 1st 
substrate stage (WS1) and; induction substrate (W2) are held for the inside of a two-dimensional flat 
surface. The inside of the same flat surface is independently established in the 2nd substrate stage 
(WS2) where said 1st substrate stage (WS1) is independently movable, and the; aforementioned 
projection optics (PL) as said 1st substrate stage (WS1). On said substrate stage (WS1, WS2) Or the 
alignment system for detecting the mark on the induction substrate (Wl, W2) held on said substrate 
stage (WS1, WS2) (for example, 24a); the projection core of said projection optics (PL), and the 
detection core of said alignment system (24a) The 1st length measurement shaft which always 
measures the location of said 1st shaft orientations of said 1st substrate stage (WS1) from the one 
side of the 1st shaft orientations along which it passes (BX1X), The 2nd length measurement shaft 
which always measures the location of said 1st shaft orientations of said 2nd substrate stage (WS2) 
from the other side of said 1st shaft orientations (BI2X) 5 The 3rd length measurement shaft which 
intersects said 1st shaft and perpendicular focusing on projection of said projection optics (PL) 
(BI3Y) 5 It has the 4th length measurement shaft (BI4Y) which intersects said 1st shaft and 
perpendicular focusing on detection of said alignment system (24a). With these length measurement 
shafts (BI1X-BI4Y) The location of one stage of said 1st substrate stage (WS1) and the 2nd substrate 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_ _web_cgi_ejje 1/22/2007 



PiP2I4783 5 A [DETAILED DESCRIPTION] 



Page 5 of 28 



stages (WS2) Interferometer systems which measure the two-dimensional location of said 1st and 
2nd substrate stage (WS1 and WS2), respectively; the measurement value of said 3rd length 
measurement shaft (BI3 Y) of said interferometer systems While the induction substrate which used, 
was managed and was held on one [ this ] stage is exposed Said 1st substrate stage (WS1) The 
physical relationship of the alignment mark on the induction substrate held on the stage of another 
side of the 2nd substrate stages (WS2) and the reference point on the stage of said another side and 
the detection result of said alignment system (24a), and the measurement value of the 4th length 
measurement shaft (BI4Y) of said interferometer systems After controlling actuation of said two 
substrate stages (WS1 5 WS2) to be used and detected While resetting the interferometer of said 3rd 
length measurement shaft (BI3Y) using the measurement value of said 3rd length measurement shaft 
(BI3Y) in the condition in which location measurement of the stage of said another side is possible It 
has the control means (90) and; which control actuation of the stage of said another side so that the 
origin/datum on the stage of said another side is positioned in the location which can detect physical 
relationship with the predetermined origin/datum in the projection field of said projection optics 
(PL). 

[0034] Since the location of the 1st shaft orientations of the 1st substrate stage and the 2nd substrate 
stage is measured with the 1st length measurement shaft of interferometer systems, and the 2nd 
length measurement shaft according to this, if the location of a direction perpendicular to the 1st 
shaft orientations also about which substrate stage is correctly measured at the time of alignment 
mark measurement etc, at the time of exposure, the two-dimensional location of the 1st and 2nd 
substrate stage is manageable. In this case, while the induction substrate which the location of one 
stage of the 1st substrate stage and the 2nd substrate stages was managed using the measurement 
value of the 3rd length measurement shaft of interferometer systems, and was held in the control 
means on one [ this ] stage is exposed The physical relationship of the alignment mark on the 
induction substrate held on the stage of another side of the 1st substrate stage and the 2nd substrate 
stages and the reference point on the stage of another side the detection result of an alignment 
system, and the measurement value of the 4th length measurement shaft of interferometer systems 
After controlling actuation of two substrate stages to be used and detected, while using the 
measurement value of the 3rd length measurement shaft and resetting the interferometer of the 3rd 
length measurement shaft in the condition in which location measurement of the stage of another 
side is possible Actuation of the stage of another side is controlled so that the origin/datum on the 
stage of another side is positioned in the location which can detect physical relationship with the 
predetermined origin/datum in the projection field of projection optics. 

[0035] Namely, the induction substrate held in the control means on one [ said ] stage is received. 
While exposure of the pattern image of the mask through projection optics is performed managing 
the location of one stage without an Abbe error using the measurement value of the 3rd length 
measurement shaft which crosses focusing on projection of projection optics at right angles to the 
length measurement shaft (the 1 st length measurement shaft and the 2nd length measurement shaft) 
of the 1st shaft orientations The measurement value of the 4th length measurement shaft with which 
the physical relationship of the alignment mark on the induction substrate held on the stage of 
another side and the reference point on the stage of another side crosses focusing on detection of the 
detection result of an alignment system, and an alignment system at right angles to the length 
measurement shaft (the 1st length measurement shaft and the 2nd length measurement shaft) of the 
1st shaft orientations Actuation of two substrate stages is controllable to use and to be detected 
correctly without an Abbe error. Thus, since exposure actuation on one substrate stage and alignment 
actuation on the stage of another side can be performed in parallel, it is possible to aim at 
improvement in a throughput. 

[0036] Moreover, after actuation of both the above-mentioned stages is completed, while resetting 
the interferometer of the 3rd length measurement shaft in the condition in which location 
measurement of the stage of another side is possible using the measurement value of the 3rd length 
measurement shaft, actuation of the stage of another side is controlled by the control means so that 
the origin/datum on the stage of another side is positioned in the location which can detect physical 
relationship with the predetermined origin/datum in the projection field of projection optics, for this 
reason, about the stage of another side (alignment was completed) where the physical relationship of 
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the reference point on a stage and the alignment mark on an induction substrate was measured Even 
if the 4th length measurement shaft used at the time of measurement of an alignment mark lapses 
into measurement disabling The location can be managed now using the measurement value of the 
3rd length measurement shaft that there is nothing inconvenient [ what etc, ]. The physical 
relationship of the reference point on the stage of another side and the predetermined reference point 
in the projection field of projection optics is detected, and it becomes possible to expose performing 
alignment of the projection field of projection optics, and an induction substrate using this physical 
relationship, said alignment measurement result, and the measurement value of the 3rd length 
measurement shaft. That is, since it becomes possible to perform location management of the stage 
of another side at the time of exposure with another length measurement shaft even if the length 
measurement shaft which had managed the location of the stage of another side at the time of 
alignment serves as measurement impossible, the stage reflector for reflecting the interferometer 
beun of each above-mentioned length measurement shaft can be miniaturized, and, thereby, a 
substrate stage can be miniaturized. 

[0037] Invention according to claim 2 is set to a projection aligner according to claim 1, It has 
another alignment system (24b) which has a detection core on said 1 st shaft in the opposite side of 
said alignment system (24a) about said projection optics (PL). Said interferometer systems It has the 
5th length measurement shaft (BI5Y) which intersects said 1st shaft and perpendicular focusing on 
detection of said another alignment system (24b). Said control means (90) While the induction 
substrate which the location of one [ said ] stage was managed using the measurement value of said 
3rd length measurement shaft (BOY) of said interferometer systems, and was held on one [ this ] 
stage is exposed So that the physical relationship of the alignment mark on the induction substrate 
held on the stage of said another side and the reference point on the stage of said another side may be 
detected using the detection result of said alignment system, and the measurement value of the 4th 
length measurement shaft (BI4Y) of said interferometer systems actuation of said two substrate 
stages After controlling, while using the measurement value of said 5th length measurement shaft 
(BI5Y) and resetting the interferometer of said 5th length measurement shaft (BI5Y) in the condition 
in which location measurement of one [ said ] stage is possible It is charac terized by controlling 
actuation of one [ said ] stage so that the origin/datum on one [ said ] substrate stage is positioned in 
the detection field of said another alignment system (24b). 

[0038] As opposed to the induction substrate which was held by the control means on one [ said ] 
stage according to this While exposure of the pattern image of the mask through projection optics is 
performed managing the location of one stage without an Abbe error using the measurement value of 
the 3rd length measurement shaft which crosses focusing on projection of projection optics at right 
angles to the length measurement shaft (the 1st length measurement shaft and the 2nd length 
measurement shaft) of the 1st shaft orientations The measurement value of the 4th length 
measurement shaft with which the physical relationship of the alignment mark on the induction 
substrate held on the stage of another side and the reference point on the stage of another side crosses 
focusing on detection of the detection result of an alignment system, and an alignment system at 
right angles to the length measurement shaft (the 1st length measurement shaft and the 2nd length 
measurement shaft) of the 1st shaft orientations Actuation of two substrate stages can be controlled, 
it will do in this way, and exposure actuation on one substrate stage and alignment actuation on the 
stage of another side will be performed in parallel so that it may use and may be detected correctly 
without an Abbe error. 

[0039] Moreover, in the detection field of another alignment system, after actuation of both the 
above-mentioned stages is completed, while resetting the interferometer of the 5th length 
measurement shaft in the condition in which location measurement of one stage is possible using the 
measurement value of the 5th length measurement shaft, the origin/datum on one substrate stage 
controls actuation of a stage by the control means so that while is positioned. The exposure to an 
induction substrate was completed by while. For this reason, about a stage Even if the 3rd length 
measurement shaft used at the time of exposure will be in measurement disabling, that there is 
nothing inconvenient [ what etc. ] The location can be managed now without an Abbe error using the 
measurement value of the 5th length measurement shaft which crosses focusing on detection of 
another alignment system at right angles to the length measurement shaft (the 1st length 
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measurement shaft and the 2nd length measurement shaft) of the 1st shaft orientations. The location 
of the ARAMENTO mark of the induction substrate held by another alignment sy stem on the 
location of the origin/datum on one substrate stage and one stage can be succeedinglv measured now 
to exposure. Therefore, shift two substrate stages to the 1st shaft orientations, and location 
measurement of the substrate stage of another side which alignment actuation ended resets the 
interferometer of the 3rd length measurement shaft in the possible condition using the measurement 
value of the 3rd length measurement shaft. When while was completed and exposure actuation resets 
the interferometer of the 5th length measurement shaft in the condition in which location 
measurement of a stage is possible using the measurement value of the 5th length measurement 
shaft, it becomes possible to change easily the exposure actuation by the side of one stage, and the 
exposure actuation by the side of the stage of another side. 

[0040] In having further the carrier system (180-200) which delivers an induction substrate (Wl, 
W2) like invention according to claim 3 between the 1st substrate stage (WS1) and the 2nd substrate 
stage (WS2), in this case, said control means It is desirable that it is made to deliver a substrate 
between one [ said ] stage and said carrier system (180-200) where the origin'daturn on one [ said ] 
substrate stage is positioned in the detection field of said another alignment system (24b). Since 
delivery of a substrate is performed between one stage and carrier system in addition to a change in 
the above-mentioned exposure actuation and alignment actuation where the origin/datum on one 
substrate stage is positioned in the detection field of another alignment system with reset of the 5th 
length measurement shaft of interferometer systems by the control means when doing in this way, 
the location measurement of an origin/datum and the exchange of an induction substrate which are 
alignment initiation actuation can be performed by the quiescent state of a substrate stage. 
Furthermore, since it becomes possible to perform actuation of the time amount Tl, the time amount 
T2, and time amount T3 which were explained previously by one substrate stage side in addition to 
the transit time of the substrate stage from a substrate exchange location to an alignment starting 
position serving as zero, and to operate time amount T four by the substrate stage side of another 
side, even if compared with the case of invention according to claim 2, it becomes possible to aim at 
improvement in a throughput further. 

[0041] Invention according to claim 4 is set to a projection aligner according to claim 1. On said 1st 
substrate stage (WS1) and said 2nd substrate stage (WS2), the reference mark (MK1, MK2, MK3) as 
a reference point of said stage is formed, respectively, The predetermined reference point in the 
projection field of said projection optics (PL) is based on projection of the pattern image of said 
mask (R) s It is characterized by having further a mark location detection means (142,144) to detect 
the relative-position relation between the projection core of the pattern image of said mask (R), and 
the reference mark on said stage through said mask (R) and said projection optics (PL). 
[0042] As opposed to the induction substrate which was held by the control means on one stage 
according to this While exposure of the pattern image of the mask through projection optics is 
performed managing the location of one stage wi thout an Abbe error using the measurement value of 
the 3rd length measurement shaft So that the physical relationship of the alignment mark on the 
induction substrate held on the stage of another side and the reference mark on the stage of another 
side (MK2) may be detected correctly without an Abbe error using the detection result of an 
alignment system (24a), and the measurement value of the 4th length measurement shaft Actuation 
of two substrate stages can be controlled, it will do in this way, and exposure actuation on one 
substrate stage and alignment actuation on the stage of another side will be performed in parallel. 
T0043] Moreover, after actuation of both the above-mentioned stages is completed, while resetting 
the interferometer of the 3rd length measurement shaft in the condition in which location 
measurement of the stage of another side is possible using the measurement value of the 3rd length 
measurement shaft, actuation of the stage of another side is controlled by the control means so that 
the origin/datum on the stage of another side (MK1, MK3) is positioned in the location which can 
detect the physical relationship based on [ of the pattern image of a mask ] projection, for this reason, 
about the stage of another side where the physical relationship of the reference point on a stage 
(MK2) and the alignment mark on an induction substrate was measured Even if the 4th length 
measurement shaft used at the time of measurement of an alignment mark wil l be in measurement 
disabling The location can be managed now using the measurement value of the 3rd length 
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measurement shaft that there is nothing inconvenient [ what etc. ]. Are detectable using a mark 
location detection means (142,144) to detect the reference point on the stage of another side (MK1, 
MK3), and the relative-position relation based on [ of the pattern image of a mask ] projection 
through a mask (R) and projection optics (PL). It becomes possible to expose performing alignment 
of the pattern image of a mask and induction substrate by projection optics (PL) using this physical 
relationship, said alignment measurement result, and the measurement value of the 3rd length 
measurement shaft, 

[0044] Invention according to claim 5 is the projection exposure approach which carries out 
projection exposure of the image of the pattern of a mask (R) on an induction substrate (Wl, W2) 
through projection optics (PL). While an induction substrate (Wl 5 W2) is held, two independents 
movable substrate stages ( WS 1 , WS2) are respectively prepared for the inside of the same flat 
surface and a; predetermined interferometer performs one location measurement of said two stages 
Projection exposure of the pattern image of said mask is carried out on the induction substrate held 
on one [ this ] stage. While an interferometer other than said predetermined interferometer performs 
location measurement of the stage of another side of said two stages during exposure of the substrate 
held on one [ said ] stage After exposure termination of the induction substrate which measured the 
physical relationship of the alignment mark on the induction substrate held on the stage of this 
another side, and the origin/datum on the stage of said another side, and was held on; aforementioned 
one stage While resetting said predetermined interferometer with said predetermined interferometer 
in the condition in which location measurement of the stage of said another side is possible It is 
based on the physical relationship by which positioned the origin/datum of the stage of said another 
side in the location which can detect physical relationship with the predetermined origin/datum in the 
projection field of said projection optics 5 and the; aforementioned measurement was carried out. It is 
characterized by performing alignment of the induction substrate and the pattern image of a mask 
which were held on the stage of said another side using said reset predetermined interferometer. 
[0045] According to this, measurement (alignment actuation) of the physical relationship of 
exposure actuation of the induction substrate held on one stage, and the alignment mark of the 
induction substrate held on the stage of another side and the reference point on this stage is 
performed in parallel. Under the present circumstances, the location of one stage is managed by the 
predetermined interferometer, and the location of the stage of another side is managed by another 
interferometer. And after the exposure actuation by the side of one stage is completed, while the 
predetermined interferometer is reset in the condition in which location measurement of the stage of 
another side is possible by the predetermined interferometer which had managed the location of the 
stage which is one side till then, the origin/datum of the stage of another side is positioned in the 
location which can detect physical relationship with the predetermined origin/datum in the projection 
field of projection optics. Then, based on the physical relationship of the alignment mark on the 
induction substrate held on the stage of another side measured previously, and the origin/datum on 
the stage of another side, ali gnment of the induction substrate and the pattern image of a mask which 
were held on the stage of another side using the reset predetermined interferometer is performed, and 
projection exposure of the pattern image of a mask is earned out on an induction substrate. 
[0046] Namely, after exposure actuation of the induction substrate held on one substrate stage and 
alignment actuation of the induction substrate held on the stage of another side are performed in 
parallel If the stage of another side is moved to the direction of projection optics in parallel to one 
substrate stage evacuating to a predetermined substrate exchange location and the stage of the 
another side comes the location to a location measurable [ with a predetermined interferometer ] The 
predetermined interferometer concerned is reset. The predetermined reference point in the projection 
field of projection optics If the reference point of the stage of another side is positioned in the 
location which can detect the physical relationship (for example, based on [ of the pattern image of a 
mask ] projection) and both physical relationship is detected This detection result Alignment of the 
induction substrate and the pattern image of a mask which were held on the stage of another side is 
performed at the time of exposure, managing a location with the predetermined interferometer after 
reset based on the physical relationship of the reference point on the stage previously measured on 
the occasion of alignment actuation, and an alignment mark. 

[0047] Therefore, while being able to aim at improvement in a throughput by performing exposure 
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actuation of the induction substrate on one substrate stage, and alignment actuation of the induction 
substrate on the substrate stage of another side in parallel Even if another interferometer which had 
managed the location of the stage of another side at the time of alignment serves as measurement 
impossible Since it becomes possible to perform location management of the stage of another side at 
the time of exposure with a predetermined interferometer, the stage reflector for reflecting the 
interferometer beam of each above-mentioned interferometer can be miniaturized, and, thereby, a 
substrate stage can be miniaturized. 

[0048] Invention according to claim 6 is a projection aligner which carries out projection exposure of 
the image of the pattern formed in the mask (R) on an induction substrate (Wl, W2) through 
projection optics (PL). Hold an induction substrate (Wl) and the movable 1st substrate stage (WS1) 
and; induction substrate (W2) are held for the inside of a two-dimensional flat surface, The inside of 
the same flat surface is independently established in the 2nd substrate stage (WS2) where said 1st 
substrate stage (WS1) is independently movable, and the; aforementioned projection optics (PL) as 
said 1st substrate stage (WS1). The alignment system for detecting the mark on the induction 
substrate held on the reference mark and said substrate stage on said substrate stage (WS1, WS2) 
(for example, 24a); the projection core of said projection optics (PL), and the detection core of said 
alignment system (24a) The 1st length measurement shaft for measuring the location of said 1st shaft 
orientations of said 1st substrate stage (WS1) from the one side of the 1st shaft orientations along 
which it passes (RI1X) 3 The 2nd length measurement shaft for measuring the location of said 1st 
shaft orientations of said 2nd substrate stage (WS2) from the other side of said 1st shaft orientations 
(BIX2), The 3rd length measurement shaft which intersects perpendicularly with said 1st shaft 
focusing on projection of said projection optics (PL) (BI3Y), It has the 4th length measurement shaft 
(BI4Y) which intersects perpendicularly with said 1st shaft focusing on detection of said alignment 
system (24a). With these length measurement shafts (BI1X-BI4Y) The location of one stage of said 
1st substrate stage (WS1) and said 2nd substrate stages (WS2) Interferometer systems which 
measure the two-dimensional location of said 1st and 2nd substrate stage (WS1 and WS2), 
respectively; the 3rd length measurement shaft (BI3Y) of said interferometer systems mile 
exposing the induction substrate on one [ this ] stage, using and managing While searching for the 
physical relationship of the mark on the induction Substrate held on the stage of said another side, 
and the reference mark on the stage of said another side using said alignment system (24a), 
managing the location of the stage of said another side using the 4th length measurement shaft 
(BI4Y) of said interferometer systems After exposure of the induction substrate held on one [ said ] 
stage It has the control means (90) and; which search for the physical relationship of the projection 
location of the pattern image of said mask by said projection optics (PL), and the reference mark on 
the stage of said another side, managing the location of the stage of said another side using said 3rd 
length measurement shaft (BOY). 

[0049] While exposing the induction substrate on one [ this ] stage by the control means according to 
this, managing the location of one stage of the 1st substrate stage and the 2nd substrate stages using 
the measurement value of the 3rd length measurement shaft of interferometer systems While 
searching for the physical relationship of the mark on the induction substrate held on the stage of 
another side, and the reference mark on the stage of another side using an alignment system The 
physical relationship of the projection location of the pattern image of the mask by projection optics 
and the reference mark on the stage of another side is searched for using the 3rd length measurement 
shaft and managing the location of the stage of another side after exposure of the induction substrate 
held on one stage, 

[0050] Namely, the induction substrate held in the control means on one [ said ] stage is received. 
While exposure of the pattern image of the mask through projection optics is performed managing 
the location of one stage without an Abbe error using the measurement value of the 3rd length 
measurement shaft which intersects perpendicularly with the length measurement shaft (the 1st 
length measurement shaft and the 2nd length measurement shaft) of the 1st shaft orientations 
focusing on projection of projection optics The measurement value of the 4th length measurement 
shaft which intersects perpendicularly with the length measurement shaft (the 1st length 
measurement shaft and the 2nd length measurement shaft) of the 1st shaft orientations the physical 
relationship of the mark on the induction substrate held on the stage of another side, and the 
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reference mark on the stage of another side focusing on detection of the detection result of an 
alignment system, and an alignment system Since it can use, it can detect correctly without an Abbe 
error, it can do in this way and exposure actuation on one substrate stage and alignment actuation on 
the stage of another side can be performed in parallel, it is possible to aim at improvement in a 
throughput. 

[0051] Moreover in a control means, the physical relationship of the projection location of the 
pattern image of the mask by projection optics and the reference mark on the stage of another side is 
searched for, using the 3rd length measurement shaft and managing the location of the stage of 
another side after exposure of the induction substrate held on one stage, i.e., termination of both the 
above-mentioned stages of operation, for this reason, about the stage of another side (alignment was 
completed) where the physical relationship of the reference mark on a stage and the alignment mark 
on an induction substrate was measured Even if the 4th length measurement shaft used at the time of 
measurement of an alignment mark lapses into measurement disabling The location can be managed 
now using the measurement value of the 3rd length measurement shaft that there is nothing 
inconvenient [ what etc. ]. It asks for the relation between the reference mark on the stage of another 
side, and the projection location of the pattern image of the mask by projection optics, It becomes 
possible to expose performing alignment of the projection field of projection optics, and an induction 
substrate using this physical relationship, said alignment measurement result, and the measurement 
value of the 3rd length measurement shaft. That is, since another length measurement shaft performs 
location management of the stage of another side at the time of exposure even if the length 
measurement shaft which had managed the location of the stage of another side at the time of 
alignment serves as measurement impossible, the stage reflector for reflecting the interferometer 
beam of each above-mentioned length measurement shaft can be miniaturized, and, thereby, a 
substrate stage can be miniaturized, 

[0052] In this case, it is after exposure of the induction substrate held like invention according to 
claim 7 on one [ said ] stage, and when searching for the physical relationship of the projection 
location of the pattern image of said mask (R) by said projection optics (PL), and the reference mark 
on the stage of said another side, you may make it reset the measurement value of the 3rd length 
measurement shaft (BI3Y) of said interferometer systems. 

[0053] Invention according to claim 8 is set to a projection aligner given in above-mentioned claim 
6, Said control means (90) the physical relationship of the mark on the induction substrate held on 
the stage of said another side, and the reference mark on the stage of the another side — and When 
the physical relationship of the projection location of the pattern image of said mask by said 
projection optics and the reference mark on the stage of said another side is searched for It is 
characterized by exposing the induction substrate held on the stage of said another side, controlling 
the location of the stage of said another side based on the measurement result of the 3rd length 
measurement shaft of ****** . 

[0054] the physical relationship (a sensor with this same — ) of the mark on the induction substrate 
which was held on the stage of another side according to this, and the reference mark on the stage of 
the another side that is, and it asks by the alignment system Since the induction substrate held on the 
stage of another side is exposed controlling the location of the stage of another side based on the 
measurement result of the 3rd length measurement shaft when searching for the physical relationship 
of the projection location of the pattern image of the mask by projection optics, and the reference 
mark on the stage of another side Even if the 4th length measurement shaft which had managed the 
location of the stage of another side serves as measurement impossible when the physical 
relationship is searched for after searching for the physical relationship of the mark on the induction 
substrate held on the stage of another side, and the reference mark on the stage of the another side It 
becomes possible to position an induction substrate in an exposure location with high precision in 
the case of exposure, without any un-arranging arising, 

[0055] In this case, as for said control means (90), it is desirable like invention according to claim 9 
that the stage of said another side is positioned and it is made to exchange an induction substrate 
after exposure of the induction substrate held on the stage of said another side so that the reference 
mark on the stage of said another side may enter in the detection field of said alignment system, 
[0056] Since substrate exchange on the stage of another side is performed by thecontrol means 
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where the reference mark on the substrate stage of another side is positioned in the detection field of 
an alignment system when doing in this way, alignment initiation actuation and exchange of an 
induction substrate can be performed by the quiescent state of a substrate stage. Furthermore, since it 
becomes possible to perform actuation of the time amount Tl, the time amount T2, and time amount 
T3 which were explained previously by the substrate stage side of another side in addition to the 
transit time of the substrate stage from a substrate exchange location to an alignment starting 
position serving as zero, and to operate time amount T four by one substrate stage side, improvement 
in a throughput is possible. 

[0057] Moreover, when detecting the reference mark on the stage of said another side by said 
alignment system, you may make it reset the measurement value of the 4th length measurement shaft 
of said interferometer systems like invention according to claim 10 in this case, 
[0058] Invention according to claim 11 is a projection aligner which carries out projection exposure 
of the image of the pattern formed in the mask (R) on an induction substrate (W) through projection 
optics (PL). Hold an induction substrate (Wl) and the movable 1st substrate stage (WS1) and; 
induction substrate (W2) are held for the inside of a two-dimensional flat surface. The inside of the 
same flat surface as said 1st substrate stage (WS1) Said 1st substrate stage Said projection optics 
(PL) is established independently, the 2nd substrate stage (WS2) where (WSI) is independently 
movable, and; — the carrier system (180-200) and; which deliver an induction substrate between said 
1st substrate stage (WSI) and said 2nd substrate stage (WS2) — The reference mark on said substrate 
stage And the mark on the induction substrate held on said substrate stage The alignment system for 
detecting (for example, 24a); while one stage of said 1st substrate stages (WS 1 ) and said 2nd 
substrate stages (WS2) delivers an induction substrate between said carrier system (180-200) It has 
the control means (90) which controls said two substrate stages so that the stage of another side 
performs exposure actuation. This control means (90) Wlien one [ said ] stage delivers an induction 
substrate between said carrier system, it is characterized by controlling one [ said ] stage so that the 
reference mark on one [ said ] stage enters in the detection field of said alignment system. 
[0059] According to this, actuation of both stages is controlled so that the stage of another side 
performs exposure actuation by the control means 5 while one stage of the 1st substrate stage and the 
2nd substrate stages delivers an induction substrate between carrier system. Therefore, parallel 
processing of actuation of the time amount Tl explained previously and the actuation of time amount 
T four can be carried out. Moreover, a control means can perform the location measurement of a 
reference mark and the exchange of an induction substrate which are alignment initiation actuation 
since a stage is controlled so that the reference mark on one stage enters in the detection field of an 
alignment system in while when one stage delivers an induction substrate between carrier system by 
the quiescent state of a substrate stage. Furthermore, it becomes possible to perform actuation of the 
time amount Tl 5 the time amount T2, and time amount T3 which were explained previously by one 
substrate stage side in addition to the transit time of the substrate stage from a substrate exchange 
location to an alignment stalling position serving as zero, and to operate time amount T four by the 
substrate stage side of another side. Therefore, it becomes possible to raise a throughput compared 
with the conventional sequential processing in which time amount (T1+T2+T3+T four) was 
required. 
[0060] 

[Embodiment of the Invention] 

« — 1st operation gestalt» — the 1st operation gestalt of this invention is hereafter explained based 
on drawing 1 thru/or drawing 1 5 . 

[0061] The outline configuration of the projection aligner 10 concerning 1 operation gestalt is shown 
in drawing 1 . This projection aligner 10 is a projection aligner of the scan exposure mold of so- 
called step - and - scanning method. 

[0062] The 1st by which the base board 12 top is held, respectively and this projection aligner 10 
moves independently the wafers Wl and W2 as an induction substrate in the two-dimensional 
direction in it, stage equipment equipped with the wafer stages WSI and WS2 as 2nd substrate stage, 
The reticle R as a mask in the upper part of the projection optics PL arranged above this stage 
equipment, and projection optics PL A predetermined scanning direction mainly, Here, it has the 
control system which controls the reticle drive driven to Y shaft orientations (the space rectangular 
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cross direction in dr awing 1 ), the illumination system which illuminates Reticle R from the upper 
part, and these each part. 

[00631 said stage equipment carries out surfacing support through a non-illustrated air bearing on the 
base board 12 - having - X shaft orientations (space longitudinal direction in drawing 1 ), and Y 
shaft orientations (the space rectangular cross direction in draw ing 1 ) — becoming independent — 
two-dimensional — it has two movable wafer stages WS1 and WS2, the stage drive system which 
drives these wafer stages WS1 and WS2, and the interferometer systems which measure the location 
of the wafer stages WS1 and WS2. 

[0064] If this is explained further in full detail, the non-illustrated air pad (for example, vacuum 
precompression mold air bearing) is prepared in the base of the wafer stages WS1 and WS2 at two or 
more places, and where spacing of several microns is maintained by balance of air ********** of 
this air pad, and a vacuum precharge pressure, surfacing support is carried out on the base board 12, 
[0065] On the base board 12, as shown in the top view of drawings , the X-axis linear guides (for 
example, a thing like the fixed side magnet of the so-called linear motor of a moving coil type) 122 
and 124 of two prolonged in X shaft orientations are formed in parallel, and two movable migration 
members 114 and 1 1 8 each, and 116 and 120 are attached along with the X shaft each linear guide 
concerned at these X-axis linear guides 122 and 124, respectively. The non-illustrated drive coil is 
attached in the bottom surface part of these four migration members 114, 118, 116, and 120, 
respectively so that the X-axis linear guide 122 or 124 may be surrounded from the upper part and 
the side, and the linear motor of the moving coil type which drives each migration members 114. 
1 16, 1 1 8, and 120 to X shaft orientations is constated by these drive coils, the X-axis linear- guide 
122, or 124, respectively. However, in the following explanation, the above-mentioned migration 
members 114, 1 1 6, 118, and 120 shall be called an X-axis linear motor for convenience. 
[0066] Among these, two X-axis linear motors 1 14 and 116 are formed in the both ends of the Y- 
axis linear guide (for example, a tiling like the fixed side coil of the linear motor of a MUBINGU 
magnet mold) 110 prolonged in Y shaft orientations, respectively, and remaining two X-axis linear 
mofors 1 1 8 and 120 are fadng fixed to the both ends of the same Y-axis linear gSide 1 12 prolonged 
in Y shaft orientations. Therefore, the Y-axis linear guide 1 10 is driven along with the X-axis linear 
guides 122 and 124 with the X-axis linear motors 114 and 116, and drives the Y-axis linear guide 
112 along with the X-axis linear guides 122 and 124 with the X-axis linear motors 118 and 120. 
[0067] On the other hand, the magnet which is not illustrated [ which surrounds one Y-axis linear 
guide 110 from the upper part and the side ] is prepared in the pars basilaris ossis occipitalis of the 
wafer stage WS 1, and the linear motor of the MUBINGU magnet mold which drives the wafer stage 
WS 1 to Y shaft orientations with this magnet and the Y-axis linear guide 1 10 is constituted. 
Moreover, the magnet which is not illustrated [ which surrounds the Y-axis linear guide 1 12 of 
another side from the upper part and the side ] is prepared in the pars basilaris ossis occipitalis of the 
wafer stage WS 2, and the linear motor of the MUBINGU magnet mold which drives the wafer stage 
WS 2 to Y shaft orientations with this magnet and the Y-axis linear guide 1 12 is constituted. 
[0068] That is, the stage drive system which carries out independently XY two-dimensional drive of 
the wafer stages WS1 and WS2 with the magnet which is not illustrated [ of the X-axis linear guides 
122 and 124 mentioned above, the X-axis linear motors 114, 116, 118, and 120, the Y-axis linear 
guides 1 10 and 1 12 and the wafer stage WS 1, and WS2 pars basilaris ossis occipitalis ] consists of 
these operation gestalten. This stage drive system is controlled by the stage control unit 38 of 
drawing 1 . 

[0069] In addition, it is carrying out adjustable [ of the torque of the X-axis linear motors 114 and 
1 16 of a pair prepared in the both ends of the Y-axis linear guide 110] a little, and it is also possible 
to make the wafer stage WS 1 generate very small yawing, or to remove on it. It is similarly carrying 
out adjustable [ of the torque of the X-axis linear motors 1 18 and 120 of a pair prepared in the both 
ends of the Y-axis linear guide 1 12 ] a little, and it is also possible to make the wafer stage WS 2 
generate very small yawing, or to remove on it, 

[0070] On said wafer stages WS [ WS! and ] 2, wafers Wl and W2 are being fixed by vacuum 
adsorption etc. through the non-illustrated wafer holder. The minute drive of the wafer holder is 
carried out by the non-illustrated Z-theta drive in Z shaft orientations and the direction (hand of cut 
of the circumference of the Z-axis) of theta which intersect perpendicularly with XY flat surface. 
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Moreover, it is installed in the top face of the wafer stages WS1 and WS2 so that the reference mark 
plates FM1 and FM2 with which various reference marks were formed may become the respectively 
almost same height as wafers Wl and W2, These reference mark plates FM1 and FM2 are used in 
case the criteria location of for example, each wafer stage is detected. 

[0071] Moreover, the field 20 by the side of the X shaft orientations 1 of the wafer stage WS 1 (left 
lateral in drawing 1 ) and the field 21 by the side of the Y shaft orientations 1 (field by the side of the 
space back in drawing 1 ) It is the reflector where mirror plane finishing was made, and the field 
(right lateral in drawing 1 ) 22 of a side besides X shaft orientations of the wafer stage WS 2 and the 
field 23 by the side of one of Y shaft orientations are the reflector where mirror plane finishing was 
made similarly. By being projected on the interferometer beam of each length measurement shaft 
which constitutes the interferometer systems mentioned later, and receiving the reflected light with 
each interferometer, to these reflectors, the variation rate from the criteria location (generally a fixed 
mirror is arranged on a projection optics side face and the side face of alignment optical system, and 
let that be a datum plane) of each reflector is measured, and, thereby, the two-dimensional location 
of the wafer stages WS1 and WS2 is measured, respectively. In addition, the configuration of the 
length measurement shaft of interferometer systems is explained in full detail behind. 
[0072] As said projection optics PL, it consists of two or more lens element which has the common 
optical axis of Z shaft orientations, and the contraction scale factor predetermined by the both-sides 
tele cent rucksack, for example, the dioptric system which has 1/5, is used here. For this reason, the 
passing speed of the scanning direction of the wafer stage at the time of scan exposure of step - and - 
scanning method is set to one fifth of the passing speed of a reticle stage. 

[0073] The alignment systems 24a and 24b of the off-axis (off-axis) method which had the same 
function in the both sides of X shaft orientations of this projection optics PL as shown in drawin g 1 
are installed in the location which only the same distance separated from the optical-axis core (the 
projection core of a reticle pattern image, and coincidence) of projection optics PL, respectively. 
These alignment systems 24a and 24b have three kinds of alignment sensors, a LSA (Laser Step 
Alignment) system, a FIA (Filed Image Alignment) system, and a LIA (Laser Interferometric 
Alignment) system, and it is possible to perform X of the reference mark on a reference mark plate 
and the alignment mark on a wafer and location measurement of the Y two-dimensional direction. 
[0074] Here, a LSA system irradiates a laser beam at a mark, is flexible sensor that measures a mark 
location using diffraction and the scattered light, and is used for a broad process wafer from the 
former. A FIA system illuminates a mark with broadband (broadband) light, such as a halogen lamp, 
by carrying out the image processing of this mark image, is a sensor which measures a mark location 
and is used effective in the unsymmetrical mark on an aluminum layer or the front face of a wafer. 
Moreover, a LIA system makes the two diffracted lights which irradiated the laser beam which 
changed the frequency into the diffraction-grating-like mark slightly from the 2-way 5 and were 
generated interfere, is a sensor which detects the positional information of a mark from the phase, 
and is used effective in a low level difference or a surface dry-area wafer. 
[0075] With this operation gestalt, these three kinds of alignment sensors are properly used 
according to the purpose suitably, and the so-called search alignment which detects the location of 
the single dimension mark of three points on a wafer, and performs outline location measurement of 
a wafer, fine alignment which performs exact location measurement of each shot field on a wafer are 
performed, 

[0076] In this case, alignment system 24a is used for location measurement of the reference mark 
formed on the alignment mark on the wafer Wl held on the wafer stage WS 1 , and the reference 
mark plate FM 1 etc. Moreover, alignment system 24b is used for location measurement of the 
reference mark formed on the alignment mark on the wafer W2 held on the wafer stage WS 2, and 
the reference mark plate FM 2 etc, 

[0077] A/D conversion of the information from each alignment sensor which constitutes these 
alignment systems 24a and 24b is carried out by the alignment control device 80 ? data processing of 
the digitized wave signal is carried out, and a mark location is detected. This result is sent to a main 
control unit 90, and the synchronous location amendment at the time of exposure etc. is directed 
from a main control unit 90 to a stage control unit according to that result. 

[0078] Furthermore, although il lustration was omitted at drawing 1 in the aligner 10 of this operation 
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gestalt As [ show / at drawing 5 / above Reticle R ] Projection optics PL is minded, As a mark 
location detection means of the pair which consists of the TTR (Through The Reticle) alignment 
optical system using the exposure wavelength for observing the reticle mark on Reticle R 
(illustration abbreviation), and the mark on the reference mark plates FM [ FM1 and ] 2 to 
coincidence The ** reticle alignment microscopes 142 and 144 are formed. The detecting signal of 
these reticle alignment microscopes 142 and 144 is supplied to a main control unit 90, In this case, if 
the deviation mirrors 146 and 148 for leading the detection light from Reticle R to the reticle 
alignment microscopes 142 and 144, respectively are arranged free [ migration ] and an exposure 
sequence is started, the deviation mirrors 146 and 148 will shunt with a non-illustrated mirror driving 
gear under the command from a main control unit 90, respectively. In addition, since it is indicated 
by JP,7-I76468,A etc, a configuration equivalent to the reticle alignment microscopes 142 and 144 
is omitted about detailed explanation here. 

[0079] Moreover, although illustration was omitted in drawing 1 , as shown in drawing 4 , the 
automatic focus / auto leveling measuring machine styles 130, 132, and 134 for investigating a focus 
location (henceforth a "AF/AL system") are formed in each of projection optics PL and the 
alignment systems 24a and 24b. In order for the AF/AL system 132 to imprint the pattern on Reticle 
R correctly on a wafer (Wl or W2) by scanning exposure among this From the pattern formation 
side on Reticle R and the exposure side of Wafer W being conjugate about projection optics PL It is 
prepared in order to detect whether the exposure side of Wafer W has agreed within the limits of the 
depth of focus in the image surface of projection optics PL (is it focusing or not?). With this 
operation gestalt, the so-called multipoint AF system is used as an AF/AL system 132. 
[0080] Here, the detail configuration of the multipoint AF system which constitutes this AF/AL 
system 132 is explained based on drawing 5 and drawing 6 . 

[0081] This AF/AL system (multipoint AF system) 132 consists of exposure optica! system 151 
which consists of an optical fiber bundle 150, a condenser lens 152, the pattern formation plate 154, 
a lens 156, a mirror 158, and the exposure objective lens 160, and condensing optical system 161 
which consists of the condensing objective lens 162, the hand-of-cut diaphragm 164, the image 
formation lens 166, and an electric eye 168, as shown in drawing 5 . 

P ^ J — — -'^■~^^ r ^v ■ 

[0082] Here, above-mentioned each part of a configuration of this AF/AL system (multipoint AF 
system) 132 is explained with that operation. 

[0083] The illumination light of wavelength which does not expose the photoresist on a different 
wafer Wl (or W2) from the exposure light EL is drawn through an optical fiber bundle 150 from the 
source of the illumination light which is not illustrated, and the illumination light injected from this 
optical fiber bundle 150 illuminates the pattern formation plate 154 through a condenser lens 152. 
The illumination light which penetrated this pattern formation plate 154 is projected on the exposure 
side of Wafer W through a lens 156, a mirror 158, and the exposure objective lens 160, and 
projection image formation of the image of the pattern on the pattern formation plate 154 is aslant 
earned out to an optical axis AX to the exposure side of a wafer Wl (or W2). The illumination light 
reflected with the wafer Wl is projected on the light-receiving side of an electric eye 168 through the 
condensing objective lens 162, the hand-of-cut diaphragm 164, and the image formation lens 166, 
and re-image formation of the image of the pattern on the pat tern formation plate 1 54 is carried out 
to the light-receiving side of an electric eye 168. Here, a main control unit 90 supplies the detecting 
signal from many (specifically, it is the slit pattern and the same number of the pattern formation 
plate 154) photo detectors of an electric eye 168 to a signal processor 170 while giving a 
predetermined vibration to the hand-of-cut diaphragm 164 through excitation equipment 172. 
Moreover, a signal processor 170 supplies the focal signal of a large number which carried out the 
synchronous detection of each detecting signal, and obtained it with the driving signal of excitation 
equipment 172 to a main control unit 90 through the stage control unit 38, 

[0084] In this case, as shown in the pattern formation plate 154 at drawing 6 , the opening pattern 
93-1 1 to 93-59 of the shape of a slit of the 5x9^45 piece vertical direction is formed, and the image 
of the opening pattern of the shape of these slit is projected aslant (45 degrees) to the X-axis and a Y- 
axis on the exposure side of Wafer W. Consequently, the slit image of the matrix arrangement which 
inclined at 45 degrees to the X-axis and a ^^-axis as shown in drawing 4 is formed. In addition, the 
sign IF in drawing 4 shows the lighting field on the reticle illuminated by the illumination system, 
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and the lighting field on a wafer [ **** ]. The beam for detection is irradiated by two-dimensional 
sufficiently larger area than the lighting field IF under projection optics PL so that clearly also from 
this drawing 4 . 

[0085] The other AF/AL systems 130 and 134 as well as this AF/AL system 132 are constituted. 
That is 5 with this operation gestalt, it has composition which can irradiate a detection beam also 
according to the AF/AL devices 130 and 134 in which it is used at the time of measurement of an 
alignment mark of the almost same field as the AF/AL system 132 used for the focal detection at the 
time of exposure. For this reason, highly precise alignment measurement is attained by performing 
location measurement of an alignment mark, performing the automatic foeus / auto leveling by 
measurement of the same AF/AL system as the time of exposure, and control at the time of 
measurement of the alignment sensor by the alignment systems 24a and 24b. If it puts in another 
way, the offset (error) by the posture of a stage will not occur between the times of exposure and 
alignment, 

[0086] Next, a reticle drive is explained based on drawing 1 and drawing 2 . 
[0087] This reticle drive is equipped with the linear motor which is not illustrated [ which holds 
Reticle R for the reticle base board 32 top, and drives the movable reticle stage RST and this reticle 
stage RST in the two-dimensional direction of XY ], and the reticle interferometer systems which 
manage the location of this reticle stage RST. 

[0088] When this is explained further in full detail, in a reticle stage RST As shown in drawing, 2 , 
the reticles Rl and R2 of two sheets can install now in the scanning direction (Y shaft orientations) 
at a serial. This reticle stage RST Surfacing support is carried out on the reticle base board 32 
through a non-illustrated pneumatic bearing etc., and minute rotation of the minute drive of X shaft 
orientations and the direction of theta and the scan drive of Y shaft orientations are made by the 
drive 30 (refer to drawing 1 ) which consists of a non-illustrated linear motor etc. In addition, 
although a drive 30 is a device which makes a driving source the same linear motor as the stage 
equipment mentioned above, by drawing 1 , illustration reaches for convenience and it is shown as a 
mere block from on [ of explanation ] expedient. For this reason, in case the reticles Rl and R2 on a 
reticle stage RST are double exposure, it is used alternatively, and it has composition which can 
carry out a synchronous scan a wafer side also about which reticle. 

[0089] The parallel monotonous migration mirror 34 which changes from the same materials (for 
example, ceramic etc.) as a reticle stage RST to the edge by the side of one of X shaft orientations on 
this reticle stage RST is installed by Y shaft orientations, and the reflector is formed in the field by 
the side of one of X shaft orientations of this migration mirror 34 of mirror plane processing. The 
interferometer beam from the interferometer shown by length measurement shaft BI6X which 
constitutes the interferometer systems 36 of dr awing 1 towards the reflector of this migration mirror 
34 is irradiated, and the location of a reticle stage RST is measured in the interferometer by receiving 
that reflected light and measuring the relative displacement over a datum plane like a wafer stage 
side. Here, the interferometer which has this length measurement shaft BI6X has two independently 
measurable interferometer opticals axis in fact, and location measurement of X shaft orientations of a 
reticle stage and measurement of the amount of YOINGU are possible for it, The interferometer 
which has this length measurement shaft BI6X is used in order to carry out the roll control of the 
reticle stage RST to a reticle in the direction which cancels relative rotation (rotational error) of a 
wafer based on the yawing information and X positional information of the wafer stages WS1 and 
WS2 from interferometers 16 and 18 which have length measurement shaft BI1X by the side of the 
wafer stage mentioned later, and BI2X or to perform the direction synchronousr control of X. 
[0090] On the other hand, the cube-corner-reflector mirrors 35 and 37 of a pair are installed in the 
side (space near side in drawing 1 ) besides Y shaft orientations which are scanning directions (the 
scanning direction) of a reticle stage RST. As opposed to the double pass interferometer of a non- 
illustrated pair to these cube-comer- reflector mirrors 35 and 37 to drawing 2 And length 
measurement shaft BI7 Y, The interferometer beam shown by BI8Y is irradiated, and it is returned to 
the reflector on the reticle base board 32 from the cube-corner-reflector mirrors 35 and 37. Then, 
each reflected reflected light is received with return and each double pass interferometer in the same 
optical path, and the relative displacement from the criteria location (it is a reflector on said reticle 
base board 32 at a reference position) of each cube-corner-reflector mirror 35 and 37 is measured. 
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And the measurement value of these double pass interferometers is supplied to the stage control 
device 38 of drawing 1 , and the location of Y shaft orientations of a reticle stage RST is measured 
based on the average value. The information on this Y shaft-orientations location is used for the 
reticle of calculation of the relative position of the reticle stage RST and the wafer stages WS and 
WS 1 2 based on the measurement vaiue of an interferometer which has length measurement shaft 
BI3 Y by the side of a wafer, and the scanning direction at the time of the scan exposure based on this 
(Y shaft orientations), and the synchronousr control of a wafer. 

[0091] On the other hand, the cube-corner-reflector mirrors 35 and 37 of a pair are installed in the 
side (space near side in drawing 1 ) besides Y shaft orientations which are scanning directions (the 
scanning direction) of a reticle stage RST, As opposed to the double pass interferometer of a non- 
illustrated pair to these cube-corner-reflector mirrors 35 and 37 to drawing 2 And length 
measurement shaft BI7Y, The interferometer beam shown by BI8Y is irradiated, and it is returned to 
the reflector on the reticle base board 32 from the cube-corner-reflector mirrors 35 and 37. Then, 
each reflected reflected light is received with the double pass interferometer of each return in the 
same optical path, and the relative displacement from the criteria location (it is a reflector on said 
reticle base board 32 at a reference position) of each cube-comer-reflector mirror 35 and 37 is 
measured. And the measurement vaiue of these double pass interferometers is supplied to the stage 
control device 38 of dra wing 1 , and the location of Y shaft orientations of a reticle stage RST is 
measured based on the average value, The information on this Y shaft-orientations location is used 
for the reticle of calculation of the relative position of the reticle stage RST and the wafer stages WS 
and WS 1 2 based on the measurement value of an interferometer which has length measurement 
shaft BI3Y by the side of a wafer, and the scanning direction at the time of the scan exposure based 
on this (Y shaft orientations), and the synchronousr control of a wafer. 

[00921 That is, reticle interferometer systems are constituted from this operation gestalt by the 
double pass interferometer of a pair shown by the interferometer 36 and length measurement shaft 
BI7Y, and BI8Y. 

[0093] Next, the interferometer systems which manage the location of the wafer stages WST1 and 
WST2 are explained, referring to drawing 1 thru/or drawing 3 , 

■ r 'r- mil " — — — — -mr^y* — ■ ■-*- — 

[0094] As shown in these drawings, the projection core and alignment system 24a of projection 
optics PL, The 1st shaft (X-axis) passing through each detection core of 24b is met. In the field by 
the side of the X shaft orientations 1 of the wafer stage WS 1 The interferometer beam shown by 1st 
length measurement shaft BI1X from the interferometer 16 of drawing 1 is irradiated, and the 
interferometer beam shown by 2nd length measurement shaft BI2X from the interferometer 1 8 of 
drawing 1 is similarly irradiated by the field of a side besides X shaft orientations of the wafer stage 
WS 2 in accordance with the 1st shaft. And in interferometers 16 and 18, by receiving these reflected 
lights, the relative displacement from the criteria location of each reflector is measured, and X shaft- 
orientations location of the wafer stages WS1 and WS2 is measured. Here, as shown in dr awing 2 . 
interferometers 16 and 18 are 3 shaft interferometers which have three opticais axis each,- and tilt" 
measurement and theta measurement are possible for them in addition to measurement of X shaft 
orientations of the wafer stages WS1 and WS2. The output vaiue of each optical axis can be 
independently measured now. Here, since Z and the leveling stage which is not illustrated [ which 
performs a minute drive and inclination drive of theta stage which is not illustrated / which performs 
theta rotation of the wafer stages WS1 and WS2 /, and Z shaft orientations ] are under a reflector in 
fact, it can act as the monitor of ail the amounts of drives at the time of tilt control of a wafer stage 
with these interferometers 16 and 18. 

[0095] In addition, each interferometer beam of 1st length measurement shaft BI1X and 2nd length 
measurement shaft BI2X The wafer stages WS1 and WS2 are always hit [ therefore ] throughout the 
successive range of the wafer stages WS1 and WS2. About X shaft orientations The location of the 
wafer stages WS1 and WS2 is managed also based on the measurement value of 1st length 
measurement shaft BI1X and 2nd length measurement shaft BI2X or the times of any, such as the 
time of use of the alignment systems 24a and 24b, at the time of the exposure using projection optics 

Pl_J e 

[0096] Moreover, the interferometer which has 3rd length measurement shaft BI3Y which crosses at 
right angles to the 1st shaft (X-axis) focusing on projection of projection optics PL as shown in 
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drawing 2 and drawing 3 , The interferometer which has length measurement shaft BI4Y as the 4th 
length measurement shaft which intersects the 1st shaft (X-axis) at a perpendicular focusing on each 
detection of the alignment systems 24a and 24b, respectively, and BI5Y, respectively is formed 
(however, only the length measurement shaft is illustrated all over drawing), 

[0097] In the case of this operation gestalt, for the direction location measurement of Y of the wafer 
stages WS1 and WS2 at the time of the exposure using projection optics PL The measurement value 
based on [ of projection optics ] projection (i.e., the interferometer of length measurement shaft 
BI3Y which passes an optical axis AX) is used. For the direction location measurement of Y of the 
wafer stage WS 1 at the time of use of alignment system 24a The detection core of alignment system 
24a, i.e., the measurement value of length measurement shaft BI4Y which passes an optical axis SX, 
is used, For the direction location measurement of Y of the wafer stage WS 2 at the time of 
alignment system 24b use The detection core of alignment system 24b, i.e., the measurement value 
of length measurement shaft BI5Y which passes an optical axis SX, is used, 
[0098] Therefore, according to each service condition, although the interferometer length 
measurement shaft of Y shaft orientations will separate from the reflector of the wafer stages WS1 
and WS2, since it does not separate from at least one length measurement shaft, i.e., length 
measurement shaft BI1X, and BI2X from the reflector of each wafer stage WS1 and WS2, the 
interferometer optical axis to be used can reset the interferometer by the side of Y in the proper 
location which entered on the reflector. The reset approach of this interferometer is explained in full 
detail behind. 

[0099] In addition, each interferometer of length measurement shaft BOY for the above-mentioned 
Y measurement, BI4Y, and BIS Y is a biaxial interferometer which has two opticals axis each, and 
tilt measurement is possible for it in addition to measurement of Y shaft orientations of the wafer 
stages WS1 and WS2. [0100] which has been alike and become so that the output value of each 
optical axis can be measured independently The interferometer systems which manage the two- 
dimensional coordinate location of the wafer stages WS1 and WS2 are constituted from this 
operation gestalt by a total of five interferometers of three interferometers which have 
interferometers 16 and 18 and length measurement shaft BI3Y, BI4Y, and BI5Y. 
[01011 Moreover, with this operation gestalt, while one side of the wafer stages WS1 and WS2 is 
performing the exposure sequence, another side performs wafer exchange and a wafer alignment 
sequence, so that it may mention later 5 but based on the output value of each interferometer, 
migration of the wafer 'stages WS1 and WS2 is managed by the stage control device 38 according to 
the command of a main control unit 90 so that there may be no interference of both stages in this 
case. 

[0102] Next, an illumination system is explained based on drawing 1 . This illumination system 
consists of the exposure light source 40 5 a shutter 42, a mirror 44, the beam expanders 46 and 48, the 
1st fly eye lens 50, a lens 52, the oscillating mirror 54 9 a lens 56, the 2nd fly eye lens 58, a lens 60 ? 
the fixed blind 62, a movable blind 64, a relay lens 66, and 68 grades, as shown in drawing.! . 
[0103] Here, above-mentioned each part of a configuration of this illumination system is explained 
with that operation. 

[0104] After the laser beam injected from the light source section 40 which consists of KrF excimer 
laser which is the light source, and extinction systems (an extinction plate, aperture diaphragm, etc.) 
penetrates a shutter 42, a mirror 44 deviates, it is orthopedically operated by the suitable beam 
diameter with the beam expanders 46 and 48, and incidence of it is carried out to the 1st fly eye lens 
50. The flux of light by which incidence was carried out to this 1st fly eye lens 50 is divided into two 
or more flux of lights by the element of the fly eye lens arranged two-dimensional, and incidence is 
carried out to the 2nd fly eye lens 58 from the include angle from which each flux of light differed 
again with the lens 52, the oscillating mirror 54, and the lens 56. The flux of light injected from this 
2nd fly eye lens 58 With a lens 60, the fixed blind 62 installed in Reticle R and the location [****] 
is reached. After the cross-section configuration is specified in a predetermined configuration here, 
the movable blind 64 arranged in the location slightly defocused from the conjugation side of Reticle 
R is passed, and it passes through relay lenses 66 and 68. As uniform illumination light The 
rectangle slit-like lighting field IA (refer to drawing 2 ) is illuminated here [ the predetermined 
configuration and here ] where it was specified with the above-mentioned fixed blind 62 on Reticle 
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R. 

[0105] Next, a control system is explained based on drawing 1 . This control system consists of the 
light exposure control devices 70 and stage control-device 38 grades which the subordinate of this 
main control unit 90 has centering on the main control unit 90 as a control means which controls the 
whole equipment in generalization. 

[0106] Here, the actuation at the time of exposure of the projection aligner 10 applied to this 
operation gestalt focusing on actuation of above-mentioned each part of a configuration of a control 
system is explained. 

[0107] Direct the light exposure control device 70 to the shutter driving gear 72 ? it makes the shutter 
mechanical component 74 drive, before a synchronous scan with Reticle R and a wafer (Wl or W2) 
is started, and opens a shutter 42. 

[0108] Then, according to directions of a main control unit 90 5 the synchronous scan (scanning 
control) of Reticle R, Wafer (Wl or W2) RST, i,e., a reticle stage, and a wafer stage (WS1 or WS2) 
is started by the stage control device 38. This synchronous scan is performed by controlling each 
linear motor which constitutes the drive system of the reticle mechanical component 30 and a wafer 
stage by the stage control device 38, carrying out the monitor of the measurement value of length 
measurement shaft BI6X to length measurement shaft BI7 Y of length measurement shaft BI3 Y of 
the interferometer systems mentioned above, length measurement shaft BI1X or BI2X, and reticle 
interferometer systems, and BI8Y, 

[0109] And when uniform control of both the stages is carried out within a predetermined allowable 
error, it directs to the laser control unit 76, and pulse luminescence is made to start in the light 
exposure control unit 70. The lighting field IA of said rectangle of the reticle R by which the 
chromium vacuum evaporationo of the pattern was carried out is illuminated by this by the 
illumination light from an illumination system on the inferior surface of tongue, the image of the 
pattern in the lighting field is reduced by projection optics PL by 1/5 time, and projection exposure is 
earned out on the wafer (Wl or W2) with which the photoresist was applied to the front face. Here, 
compared with the pattern space on a reticle, the slit width of the scanning direction of the lighting 
field IA is narrow, it is carrying out the synchronous scan of Reticle R and the wafer (Wl or W2) as 
mentioned abo ve, and sequential formation of the image of the whole surface of a pattern is carried 
out to the shot field on a wafer so that clearly also from drawing 2 . 

[0110] Here to the initiation and coincidence of pulse luminescence which were mentioned above the 
light exposure control unit 70 Until direct to the mirror driving gear 78, it makes the oscillating 
mirror 54 drive and the pattern space on Reticle R passes through the lighting field IA (refer to 
drawing 2 ) completely That is, nonuniformity reduction of the interference fringe generated by two 
fly eye lenses 50 and 58 by performing this control continuously is performed until the image of the 
whole surface of a pattern is formed in the shot field on a wafer, 

[01 1 1] Moreover, synchronizing with Reticle R and the scan of Wafer W, drive control of the 
movable blind 64 is carried out by the blind control device 39, and such svnehronous operation of a 
series of is managed by the stage control device 38 so that the ilittmination light may no. leak during 
the above-mentioned scan exposure outside the protection-from-Hght field on the reticle in the shot 
edge section. 

[0112] By the way, since it is necessary to carry out luminescence of the pulse luminescence by the 
laser control unit 76 mentioned above n times (for n to be a positive integer) while the point of the 
arbitration on a wafer Wl and W2 passes lighting field width (w), if it sets an oscillation frequency 
to f and wafer scan speed is set to V, it needs to fill a degree type (2). 
[0113]f7n=V/w. ....= (2) 

Moreover, if exposure energy of one pulse irradiated on a wafer is set to P and resist sensibility is set 
to E, it is necessary to fill a degree type (3), 
[0114] nP-E., (3) 

Thus, the light exposure control unit 70 calculates all about the good variate of the exposure energy 
P and the oscillation frequency f 5 and by controlling the extinction system which issued the 
command to the laser control unit 76, and was formed in the exposure light source 40, it carries out 
adjustable [ of the exposure energy P and the oscillation frequency f ], or it is constituted so that the 
shutter driving gear 72 and the mirror driving gear 78 may be controlled. 
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[0115] Furthermore, in a main control unit 90 5 when, amending the migration starting position 
(synchronous location) of a reticle stage and a wafer stage which performs a synchronous scan at the 
time of scanning exposure for example, amendment of the stage location according to the amount of 
amendments is directed to the stage control device 38 which carries out migration control of each 
stage, 

[01 16] Furthermore, in the projection aligner of this operation gestalt, the 1st carrier system for 
which a wafer is exchanged between the wafer stages WS 1, and the 2nd carrier system which 
performs wafer exchange between the wafer stages WS 2 are formed, 

[01 17] As are shown in drawing 7 , and the 1st carrier system is later mentioned between the wafer 
stages WS 1 in a left-hand side wafer loading location, it performs wafer exchange, This 1st carrier 
system The 1st unload arm 184 attached in the 1st loading guide 182 prolonged in Y shaft 
orientations, the 1st slider 186 which moves along with this loading guide 182 and the 2nd slider 
190, and the 1st slider 186, It consists of the 1st wafer loader constituted including the 1st load arm 
188 grade attached in the 2nd slider 190, and the 1st pin center Jarge rise 180 which consists of three 
vertical-movement members prepared on the wafer stage WS 1. 

[01 18] Here, actuation of the wafer exchange by this 1st carrier system is explained briefly. 
[0119] Here, as shown in drawing 7 , the case where it is exchanged in wafer Wl ! on the wafer stage 
WS 1 in a left-hand side wafer lading location and the wafer Wl conveyed by the 1st wafer loader 
is explained. 

[0120] First, in a main control unit 90, the vacuum of the wafer holder which is not illustrated on the 
wafer stage WS 1 is turned off through a non-illustrated switch, and adsorption of wafer Wl' is 
canceled. 

[0121] Next, in a main control unit 90, the specified quantity rise drive of the pin center Jarge rise 
180 is carried out through a non-illustrated pin center Jarge rise drive system. Thereby, wafer Wl' is 
raised to a predetermined location. In this condition, migration of the 1st unload arm 184 is 
supported to a non-illustrated wafer loader control unit with a main control unit 90. By this, drive 
control of the 1st slider 186 is carried out by the wafer loader control unit, the 1st unload arm 184 
moves onto the wafer stage WS 1 along with the loading guide 182, and it is located just under wafer 
Wl\ 

[0122] In this condition, the downward drive of the pin center Jarge rise 180 is carried out to a 
predetermined location with a main control unit 90, Since wafer Wl' is received and passed to the 
1st unload arm 184 in the middle of descent of this pin centerjarge rise 180, in a main control unit 
90, vacuum initiation of the 1st unload arm 184 is directed to a wafer loader control device. Thereby, 
adsorption maintenance of wafer Wl' is carried out at the 1st unload arm 184, 

[0123] Next, in a main control unit 90, evacuation of the 1st unload ami 184 and migration initiation 
of the 1st load arm 188 are directed to a wafer loader control unit. The 2nd slider 190 starts 
migration in the direction of +Y in one with the 1st load arm 188 holding a wafer Wl at the same 
time the 1st unload arm 184 starts migration in the direction of -Y of drawing 7 in one with the 1st 
slider 1 86 by this. And when the 1st load arm 1 88 comes above the wafer stage WS 1, while the 2nd 
slider 190 is stopped by the wafer loader control unit, the vacuum of the 1st load arm 188 is 
canceled. 

[0124] The rise drive of the pin centerjarge rise 180 is carried out, and a wafer Wl is made to be 
lifted from a lower part by the pin centerjarge rise 180 in a main control unit 90 in this condition. 
Subsequently, in a main control unit 90, evacuation of a load arm is directed to a wafer loader 
control unit. The 2nd slider 190 starts migration in the direction of -Y in one with the 1st load arm 
188 by this, and evacuation of the 1st load arm 188 is performed. With a main control unit 90, start 
the downward drive of the pin centerjarge rise 180, the wafer holder which is not illustrated on the 
wafer stage WS 1 is made to lay a wafer Wl, and the vacuum of the wafer holder concerned is 
turned ON at evacuation initiation and coincidence of this 1st load arm 188. Thereby, a series of 
sequences of wafer exchange are completed. 

[0125] Similarly, the 2nd carrier system performs wafer exchange like **** between the wafer 
stages WS 2 in a right-hand side wafer loading location, as shown in drawing 8 . This 2nd carrier 
system The 2nd unload arm 194 attached in the 3rd slider 196 which moves along with the 2nd 
loading guide 192 prolonged in Y shaft orientations, and this 2nd loading guide 192 and the 4th 
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slider 200, and the 3rd slider 196, It consists of the 2nd wafer loader constituted including the 2nd 
load arm 198 grade attached in the 4th slider 200, and the 2nd pin centerjarge rise of un-illustrating 
[ which was prepared on the wafer stage WS 2 ]. 

[0126] Next, based on drawing 7 and drawing 8 , parallel processing by two wafer stages which are 
the descriptions of this operation gestalt is explained. 

[0127] The top view in the condition that exchange of a wafer is performed between the wafer stage 
WS 1 and the 1 st carrier system as mentioned above in the wafer W2 on the wafer stage WS 2 in the 
left-hand side loading location while performing exposure actuation through projection optics PL is 
shown in drawing.? In this case, on The wafer stage WS 1, as it mentions later succeeding^ to 
wafer exchange, alignment actuation is performed. In addition, in dra wing 7 ? position control of the 
wafer stage WS 2 under exposure actuation is performed based on the measurement value of length 
measurement shaft BOX of interferometer systems, and BI3 Y, and wafer exchange and position 
control of the wafer stage WS 1 where alignment actuation is performed are performed based on the 
measurement value of length measurement shaft BI1X of interferometer systems, and BI4Y. 
[0128] In the loading location of the left-hand side shown in this dr awing 7 , it is the arrangement by 
which the reference mark on the reference mark plate FM 1 of the wafer stage WS 1 comes just 
under alignment system 24a (refer to drawing_9 (A)). For this reason, in the main control unit 90, 
before alignment system 24a detects the reference mark MK2 on the reference mark plate FM 1, 
reset of the interferometer of length measurement shaft BI4Y of interferometer systems is performed. 

[01291 The situation of image incorporation which detects an example of the configuration of a 
reference mark MK2 and it by the FIA system sensor of alignment system 24a is shown in drawmg..9 
(B), In this drawing^ (B), the cross-joint-like mark which Sign Sx shows the image incorporation 
range of CCD, and is shown with Sign M is an index in a FIA system sensor. Here, although only the 
image incorporation range of X shaft orientations is shown, of course, the image incorporation with 
the same said of Y shaft orientations is performed in fact. 

[0130] When the image of the mark MK2 of drawing (B) is captured by the sensor of a FIA 
system, the wave signal acquired by the image-processing system in the alignment control unit 80 is 
shown in drawing 9 (C). The location of the mark MK2 on the basis of an index core is detected in 
analyzing this wave signal in the alignment control unit 80. In a main control unit 90 Based on the 
location of said mark MK2, and length measurement shaft BI1X and the measurement result of the 
interferometer of BI4Y, the coordinate location of the mark MK2 on the reference mark plate FM 1 
in the system of coordinates (suitably henceforth "the 1st stage system of coordinates") using length 
measurement shaft BI1X and BI4Y is computed. 

[0131] It continues at the wafer exchange mentioned above and reset of an interferometer, and search 
alignment is performed. Only in PURIAEAIMENTO made during conveyance of a wafer Wl 5 since 
the position error is large, the search alignment performed after the wafer exchange is 
PURIARAIMENTO again performed on the wafer stage WS 1. The location of three search 
alignment marks (not shown) specifically formed on the wafer Wl laid on the stage WS 1 is 
measured using the sensor of the LSA system of alignment system 24a etc., and alignment of X of a 
wafer Wl, Y, and the direction of theta is performed based on the measurement result. Actuation of 
each part in the case of this search alignment is controlled by the main control unit 90, 
[0132] Fine alignment which searches for the array of each shot field on a wafer Wl here using EGA 
is performed after termination of this search alignment. Specifically by interferometer systems 
(length measurement shaft BI1X, BI4Y) Carrying out sequential migration of the wafer stage WS 1 
based on the shot array data on a design (alignment mark location data) managing the location of the 
wafer stage WS 1 The alignment mark location of the predetermined sample shot on a wafer Wl is 
measured by the sensor of the FIA system of alignment system 24a etc., and all shot array data are 
calculated by the statistics operation by the least square method based on the design coordinate data 
of this measurement result and a shot array. Thereby, the coordinate location of each shot is 
computed on the above-mentioned 1st stage system of coordinates. In addition, actuation of each part 
in the case of this EGA is controlled by the main control unit 90, and the above-mentioned operation 
is performed by the main control unit 90. 

[0133] And with a main control unit 90 5 the relative-position relation of each shot to a mark MK2 is 



http://www4.ipdLncipi.go.jp/cgi-bin/traii_web_cgi_ejje 1/22/2007 



PplP2I4783 ? A [DETAILED DESCRIPTION] 



Page 21 of 28 



computed by subtracting the coordinate location of a reference mark MK2 mentioned above from the 
coordinate location of each shot. 

[0134] Location measurement of an alignment mark is performed, performing the automatic focus / 
auto leveling by measurement of the same AF/AL system 132 (refer to drawi ng 4 ) as the time of 
exposure, and control at the time of measurement by alignment system 24a^entioned above, and 
it can avoid producing the offset (error) by the posture of a stage between the times of alignment and 
exposure in the case of this operation gestalt. 

[0135] At the wafer stage WS 1 side, while the above-mentioned wafer exchange and alignment 
actuation are performed, by the wafer stage WS 2 side, the reticles Rl and R2 of two sheets as 
shown in drawing .12 are used, and double exposure is continuously performed by step - and - 
scanning method, changing exposure conditions. 

[0136] Relative-position-related calculation of each shot to a mark MK2 is specifically beforehand 
performed like the wafer Wl side mentioned above. This result. It is based on the result of relative- 
position detection (this is explained in full detail behind) of the wafer side top projection image of 
the marks MK1 and MK3 on the criteria arc plate FM 1 under the reticle alignment microscopes 144 
and 142, and the marks RMK1 and RMK3 corresponding to it on a reticle. Scanning exposure is 
performed bv making a scanning direction carry out the synchronous scan of a reticle stage RST and 
the wafer stage WS 2 at every exposure of each i shot field! carrying out sequential positioning of the 
shot field on a wafer W2 at the optical-axis lower part of projection optics PL, 
[0137] The exposure to all the shot fields on such a wafer W2 continues also after reticle exchange, 
and is performed. As exposure sequence of concrete double exposure, as shown in dr awing 13 (A) 
After performing sequential scan exposure for each shot field of a w 7 afer Wl to A1-A12 using a 
reticle R2 (A pattern), In order of B1-B12 which are shown in drawing 13 (B), scanning exposure is 
performed, after carrying out specified quantity migration of the reticle stage RST in a scanning 
direction using a drive system 30 and setting a reticle Rl (B pattern) as an exposure location. Since a 
reticle R2 differs in exposure conditions (AF/AL, light exposure) or transmission from a reticle Rl at 
this time, it is necessary to measure each condition at the time of reticle alignment, and to change 
conditions according to that result. 

[0138] Actuation of each part in the double exposure of this wafer W2 is also controlled by the main 
control unit 90. 

[0139] When the direction of the wafer stage ended previously will be in a waiting state and both 
actuation ends the exposure sequence, and the wafer exchange and the alignment sequence which are 
performed in parallel on two wafer stages WS [ WS1 and ] 2 shown in drawing 7 mentioned above, 
migration control of the wafer stages WS1 and WS2 is carried out to the location shown in drawing 
8 . And as for the wafer Wl on the wafer stage WS 1 where wafer exchange was made by the right- 
hand side loading position, and the alignment sequence ended the wafer W2 on the wafer stage WS 2 
which the exposure sequence ended, an exposure sequence is performed under projection optics PL, 
[01401 By the right-hand side loading position shown in drawing 8 , the reference mark MK2 on the 
reference mark plate FM 2 will be positioned in the bottom of alignment system 24b as well as a left- 
hand side loading position, and the above-mentioned wafer exchange actuation and an alignment 
sequence will be performed. Of course, the reset action of the interferometer which has length 
measurement shaft BI5Y of interferometer systems is performed in advance of detection of the mark 
MK2 on the reference mark plate FM 2 by alignment system 24b. 

[0141] Next, the reset action of the interferometer by the main control unit 90 at the time of shifting 
to the condition of d rawin g 8 from the condition of drawing 7 is explained. 

[0142] Although the wafer stage WS 1 is moved to the location (refer to drawing 10 (A)) to which 
the reference mark on the reference mark plate FM 1 comes just under the optical-axis AX core 
(projection core) of the projection optics PL shown in drawing 8 after it performs alignment by the 
left-hand side loading position Since incidence of the interferometer beam of length measurement 
shaft BI4Y will not be earned out to the reflector 21 of the wafer stage WS 1 in the middle of this 
migration, it is difficult to move the wafer stage WS 1 to the location of drawing 8 immediately after 
alignment termination. For this reason, the following works are carried out withes operation 
gestait, 

[0143] Namely, as explained previously, when the wafer stage WS I is located into a left-hand side 
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loading position with this operation gestalt Since it is set up so that the reference mark plate FM 1 
may come just under alignment system 24a, and the interferometer of length measurement shaft 
BI4Y is reset in this location Once return the wafer stage WS 1 to this location, and it is based on the 
distance (referred to as BL for convenience) of the detection core of alignment system 24a and the 
optical-axis core (projection core) of projection optics PL which are beforehand known from that 
location. Only distance BL moves the wafer stage WS 1 to X shaft-orientations right-hand side, 
carrying out the monitor of the measurement value of the interferometer 16 of length measurement 
shaft BI1X with which an interferometer beam does not go out, By this, the wafer stage WS 1 will be 
moved to the location shown in drawing 8 . 

[0144] And in a main control unit 90, as shown in draw ing 10 (A), the reticle alignment microscopes 
144 and 142 perform relative-position detection of the wafer side top projection image of the marks 
MKi and MK3 on the reference mark plate FM 1, and the marks RMK1 and RMK3 corresponding 
to it on a reticle using exposure light, 

[0145] The wafer side top projection image of the mark RMK (RMK1, RMK2) on Reticle R is 
shown in dr awing 10 (B), and the mark MK (MKI, MK3) on a reference mark plate is shown in 
drawing (C). Moreover, the situation of image incorporation which detects the mark MK (MKI, 
MK3) on the wafer side top projection image of the mark RMK (RMK1, RMK2) on Reticle R and a 
reference mark plate to coincidence is shown in the reticle alignment microscopes 144 and 142 in the 
state of drawing 10 (A) at drawing 10 (D). In this drawing 10 (D), Sign SRx shows the image 
incorporation range of CCD which constitutes a reticle alignment microscope. The wave signal with 
which it might be processed by the image-processing system whose image captured above is not 
illustrated is shown in drawing 1 0 (E). 

[0146] In a main control unit 90, before incorporating this wave signal wave form, the interferometer 
of length measurement shaft BI3Y is reset. A reset action can be performed when the length 
measurement shaft used for a degree can irradiate a wafer stage side face, 

[0147] The coordinate location of the marks MKI and MK3 on the reference mark plate FM 1 in 
system of coordinates (2nd stage system of coordinates) using length measurement shaft BI1X and 
BI3Y by this, The wafer side top projection image coordinate location of the mark RMK on reticle R 
will be detected, and the relative-position relation between an exposure location (projection core of 
projection optics PL), and the mark MKI on the reference mark plate FM 1 and MK3 coordinate 
location is called for according to both difference, 

[0148] And more finally than the relative-position relation of each shot to the mark MK2 on the 
orientation plate FM 1 for which it asked previously, and the relative relation between an exposure 
location, and the mark MKI on an orientation plate FM 1 and MK3 coordinate location in a main 
control unit 90, an exposure location and the relative-position relation of each shot are computed. 
According to the result, as shown in drawing 1 1 , exposure of each shot on a wafer Wl will be 
performed. 

[0149] As mentioned above, even if it performs the reset action of an interferometer, the reason in 
which high precision alignment is possible is because spacing of a reference mark and the virtual 
location computed by measurement of a wafer mark is computed by the same sensor by measuring 
the alignment mark of each shot field on a wafer Wl, after measuring the reference mark on the 
reference mark plate FM 1 by alignment system 24a. It is because highly precise exposure actuation 
can be performed even if the interferometer beam of the interferometer of Y shaft orientations will 
go out during migration of a wafer stage and will reset again by adding said relative distance to that 
value, if correspondence with an exposure location and a reference mark location has been taken 
under the reticle alignment microscopes 142 and 144 before exposure since a reference mark and the 
relative-position relation (relative distance) of the location which should be exposed are called for at 
this time. 

[0150] In addition, since reference marks MK1-MK3 are on the always same orientation plate, if the 
drawing error is searched for beforehand, there will be no fluctuation factor only at offset 
management. Moreover, although RMK1 and RMK2 may have the offset by the reticle drawing 
error, if two or more marks are used at the time of reticle alignment, and a drawing error is mitigated 
or the reticle mark drawing error is beforehand measured so that it may be indicated by the 
publication-number No. 67271 [ five to ] official report, for example, it can respond only by offset 
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management similarly, 

[0151] Moreover, of course, the wafer stage WS 1 may be immediately moved linearly to the 
location of drawing 8 after alignment termination, carrying out the monitor of the measurement 
value of length measurement shaft BI1X and BI4Y, when length measurement shaft BI4Y does not 
go out, while the wafer stage WS 1 moves to the location of drawing 8 from an alignment 
termination location, In this case, it may he made to perform the reset action of an interferometer 
from relative-position detection of the wafer side top projection image of the marks MK1 and MK3 
on the reference mark plate FM 1 under the reticle alignment microscopes 144 and 142, and the 
marks RMK1 and RMK3 corresponding to it on a reticle at which [ former ] time after the time of 
length measurement shaft BOY which passes along the optical axis AX of projection optics PL 
starting the reflector 21 which intersects perpendicularly with the Y-axis of the wafer stage WS L 
[0152] What is necessary is to move the wafer stage WS 2 from an exposure termination location 
like the above to the loading position of the right-hand side shown in drawing 8 , and just to perform 
the reset action of the interferometer of length measurement shaft BI5Y , 

[0153] Moreover, an example of the timing of the exposure sequence which carries out sequential 
exposure of each shot field on the wafer Wl held on the wafer stage WS 1 is shown in drawing 14 , 
and the timing of this and the alignment sequence on the wafer W2 held on the wafer stage WS 2 
performed in juxtaposition is shown in drawing 15 . With this operation gestalt, improvement in a 
throughput is aimed at by performing an exposure sequence, and wafer exchange and an alignment 
sequence in parallel to the wafers Wl and W2 on each wafer stage, moving independently two wafer 
stages WS1 and WS2 in the two-dimensional direction. 

[0154] However, when carrying out concurrent processing of two actuation using two wafer stages, 
the actuation performed on one wafer stage may affect the actuation to which it is carried out on the 
wafer stage of another side as a disturbance factor, Moreover, there is also actuation which does not 
affect the actuation to which actuation performed on one wafer stage is carried out conversely on the 
wafer stage of another side. So, with this operation gestalt, it di vides into the actuation which causes 
disturbance among the actuation which carries out parallel processing, and the actuation not 
becoming, and timing adjustment of each actuation is achieved so that actuation leading to 
disturbance or actuation leading to disturbance may be performed to coincidence. 
[0155] For example, during scanning exposure, since the synchronous scan of a wafer Wl and the 
reticle R is carried out at uniform velocity, when not becoming a disturbance factor, it is necessary to 
eliminate the disturbance factor of the from else as much as possible. For this reason, during the 
scanning exposure on one wafer stage WS 1, timing adjustment is made so that it may be in a 
quiescent state in the alignment sequence performed with the wafer W2 on the wafer stage WS 2 of 
another side. Namely, since mark measurement in an alignment sequence is performed in the 
condition of having made the wafer stage WS 2 standing it still in a mark location, for scanning 
exposure, it does not cause disturbance but can perform [ be / it / under / scanning exposure / 
concurrency ] mark measurement. The scanning exposure shown to a w 7 afer Wl in drawing 15 by the 
number "1, 3, 5, 7, 9, 11, 13, 15 ? 17, 19, 21, 23" of operation when this is seen by drawing 1 4 and 
drawing .15 , It turns out that mark measurement actuation in each alignment mark location shown to 
a wafer W2 in drawin g 16 by the number "1,3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" of operation is 
performed synchronizing with mutual. On the other hand, since it is uniform motion during scanning 
exposure also in an alignment sequence, it does not become disturbance but high precision 
measurement can be performed. 

[0156] Moreover, it is possible to be the same at the time of wafer exchange. Since especially 
vibration produced in case a wafer is delivered to a pin centerjarge rise from a load arm can cause 
disturbance, according to the time of acceleration and deceleration before and after [ before scanning 
exposure ] coming t/perform a synchronous scan at uniform velocity (it becomes a disturbance 
factor), it may be made to deliver a wafer, 

[0157] Timing adjustment mentioned above is performed by the main control unit 90, 
[0158] As explained above, according to the projection aligner 10 of this operation gestalt, two wafer 
stages WS1 and WS2 which hold two wafers independently, respectively are provided. While 
moving these two wafer stages independently of the XYZ direction and performing wafer exchange 
and alignment actuation on one wafer stage Since each other actuation was switched when we 
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decided to perform exposure actuation on the wafer stage of another side and both actuation was 
completed, it becomes possible to raise a throughput sharply. 

[0159] moreover, from it having been made to perform the measurement sequence of the reference 
mark plate arranged on a wafer stage, while resetting the interferometer of the length measurement 
shaft used in the actuation after a switch, when switching the above-mentioned actuation The length 
measurement shaft of interferometer systems is the reflector (when forming a migration mirror 
independently) of a wafer stage. Since there is no un-arranging and it becomes possible to shorten 
the reflector (for it to be a migration mirror when forming a migration mirror independently) of a 
wafer stage especially even if it separates from this migration mirror The miniaturization of a wafer 
stage can be realized easily and die length of one side of a wafer stage can specifically be 
miniaturized even in the magnitude of slightly larger extent than a wafer diameter. In addition to 
becoming possible to include easily two wafer stages which can carry out movable independently by 
this in equipment, i, becomes possible ,o raise the positioning engine performance of each wafer" ' 
stage. 

[0160] furthermore, about the wafer stage of the direction where exposure actuation is performed 
The reticle alignment microscopes 142 and 144 (exposure light alignment sensor) which minded 
[ the interferometer reset for length measurement and ] projection optics PL perform mark 
measurement on a reference mark plate. From our having decided to perform mark measurement on 
a reference mark plate to the interferometer reset for length measurement, and coincidence by 
alignment system 24a or 24b (off-axis alignment sensor) about the wafer stage of the direction where 
wafer exchange and alignment actuation are performed It becomes possible [ switching the 
interferometer length measurement shaft which manages the location of a wafer stage ] also in the 
case of exposure by the alignment by each alignment system, and projection optics. In this case, in 
case a mark on ** reference mark plate is measured in alignment system 24a or 24b Measure the 
coordinate location of this mark on the 1st stage system of coordinates, and detect the alignment 
mark of the sample shot on a wafer after that [ ** ], and it is asked for the array coordinate 
(coordinate location for exposure) of each shot on the 1st stage system of coordinates by the EGA 
operation. ** Ask for the relative-position relation between a mark on a reference mark plate, and the 
coordinate location for exposure of each shot from the result of the above-mentioned ** and **. 
The reticle alignment microscopes 142 and 144 detect the relative-position relation between the 
mark on a reference mark plate, and a reticle projection coordinate location on the 2nd stage system 
of coordinates through projection optics PL before exposure. ** Since each shot is exposed using the 
above-mentioned ** and ** s even if it switches the interferometer length measurement shaft which 
manages the location of a wafer stage, it can expose with high degree of accuracy. Consequently, 
without performing base-line measurement which measures the projection core of projection optics 
like the former, and spacing based on ! of an alignment system 1 detection, the alignment of a wafer 
becomes possible and it becomes unnecessary [loading of a big reference mark plate which is 
indicated by the publication-number No. 176468 / seven to / official report ]. 

[0161] Moreover, since at least two alignment systems which perform mark detection on both sides 
of projection optics PL are provided according to the above-mentioned operation gestalt it becomes 
possible by shifting two wafer stages by turns to carry ont parallel processing of the alignment 
actuation performed using alternation in each alignment system, and the exposure actuation. 
[0162] Moreover, according to the above-mentioned operation gestalt, the neighborhood of an 
alignment system, and since it is arranged so that it can carry out especially in each alignment 
location, the shift to an alignment sequence from wafer exchange is performed smoothly, and the 
wafer loader which performs wafer exchange can obtain a higher throughput. 
[0163] Furthermore, since a high throughput which was mentioned above is obtained according to 
the above-mentioned operation gestalt, even if it detaches the alignment system of an off-axis more 
greatly than projection optics PL and installs it, the effect of degradation of a throughput is almost 
lost. For this reason, it is high N.A. (numerical aperture) of a straight cylinder mold, and it becomes 
possible to design and install the small optical system of aberration. 

[0164] Moreover, since it has the interferometer beam from the interferometer of each optical axis of 
two alignment systems and projection optics PL which measures a core mostly for every optical 
system according to the above-mentioned operation gestalt, It becomes possible to be able to 
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measure two wafer stage locations correctly in the condition that there is no ATSU 

respectively in any [ at the time of the pattern exposure through the time of alignment, or projection 

optics ] case, and to move two wafer stages independently to it correctly. 

[0165] Furthermore, length measurement shaft BI1X and BI2X which were prepared towards the 
projection core of projection optics PL along the direction (here X shaft orientations) where two 
wafer stages WS1 and WS2 are located in a line from both sides In order to always irradiate to the 
wafer stages WS1 and WS2 and to measure X shaft-orientations location of each wafer stage, it 
becomes possible to carry out migration control so that two wafer stages may not interfere mutually, 
[0166] Moreover, according to the above-mentioned operation gestalt, since double exposure is 
performed using the reticle R of two or more sheets, the improvement effectiveness of high 
resolution and DOF (depth of focus) is acquired. In order to have to repeat an exposure process twice 
[ at least 1, there was un-arranging [ that the exposure time became long and a throughput fell 
sharply J, but since a throughput can improve sharply by using the projection aligner of this 
operation gestalt, this double exposure method can acquire high resolution and the improvement 
effectiveness of DOF, without reducing a throughput. 

[0167] For example, it sets to Tl (wafer swap time), T2 (search alignment time amount), T3 (fine 
alignment time amount), and T four (1 time of exposure time). Each processing time in a 8 inch 
wafer T 1:9 seconds, T 2:9 seconds, T 3:12 seconds, If double exposure is performed by the 
conventional aligner by which a series of processings are sequentially performed using one wafer 
stage when it considers as T 4:28 seconds It is set to 41 (at [the time of **/]). throughput 
THOR=3600-/(T1+T2+T3+T"four*2) =3600/(30+28*2) = - Compared with the throughput 
(THOR=3600/(T1+T2+T3+T four) -3600 / 58= 62 (at [the time of**/])) of equipment a throughput 
is downed to 66% conventionally which enforces the single exposing method using one wafer stage, 
since [ on the other hand, ] the exposure time is larger when performing double exposure, carrying 
out parallel processing of Tl, T2 and T3, and the T four using the projection aligner of this operation 
gestalt — throughput THOR==3600/(28+28) = — it is set to 64 (at [the time of **/]), and it becomes 
possible to improve a throughput sharply, maintaining the improvement effectiveness of high 
resolution and DOF. Moreover, the exposure time becomes possible [ increasing a long part and 
EGA mark ], and alignment precision improves. 

[0168] « — 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained 
based on drawing 16 and drawing 17 . Here, about a component the same as that of the 1st operation 
gestalt mentioned above, or equivalent, while using the same sign, the explanation shall be given 
simple or it shall omit. 

[0169] As a projection aligner is shown in this 2nd operation gestalt at drawing 16 , die length of one 
side of the wafer stage WS 1 (die length of one side of WS2 is the same as thi s) Since it is longer 
than the mutual distance BL (a mutual distance of length measurement shaft BI5Y and BI3Y is the 
same as this) of length measurement shaft BI4Y and BI3Y, While the wafer stage WS 1 (or WS2) 
moves from the termination location of an alignment sequence to the starting position of an exposure 
sequence, it has the description at the point that length measurement beam BI4Y (or BI5Y) goes out 
from the reflector of a stage. For this reason, although the point which becomes measurable [ the 
reference mark of a reference mark plate ] after reset of an interferometer differs from the case of the 
1st operation gestalt mentioned above so that it may mention later, the configuration of other parts 
etc. is the same as that of the projection aligner 10 of the 1st operation gestalt mentioned above, 
[0170] After the alignment of the wafer stage WS 1 top wafer Wl is completed, signs that the 
interferometer of length measurement shaft BI3Y is reset are shown in drawing 16 . 
[0171] Fine alignment (carried out by EGA mentioned above) actuation of the wafer Wl according 
[ the interferometer of length measurement shaft BI1X which has managed the location of the wafer 
stage WS 1 so that clearly also from this drawing 16 , and BI4Y ] to alignment system 24a or 
subsequent ones Since an interferometer beam does not separate from the reflector formed in Y 
shaft-orientations end side of the wafer stage WS 1 In a main control unit 90, the wafer stage WS I 
is moved to the location of drawing. 16 where the reference mark plate FM 1 is positioned in the 
bottom of the projection lonlPL ffom an ARAMENTO termination location, casing out the 
monitor of the measurement value of the interferometer of length measurement shaft BI1X and 
BI4Y. Under the present circumstances, just before positioning the reference mark plate FM 1 just 
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under the projection lens PL, the interferometer beam of length measurement shaft BI3Y conies to be 
reflected in the reflector of the wafer stage WS 1 . 

[0172] In this case, unlike the case of the 1st operation gestalt mentioned above, since it is carried 
out based on the measurement value of the interferometer of length measurement shaft BI1X and 
BI4Y, with a main control unit 90 ? the position control of the wafer stage WS 1 has managed the 
location of the wafer stage WS 1 correctly, and it is it at this time Gust before positioning The 
reference mark plate FM 1 just under the projection lens PL) 5 and it resets the interferometer of 
length measurement shaft BOY. Position control of the wafer stage WS 1 comes (the change of 
system of coordinates is performed to the 2nd stage system of coordinates from the 1st stage system 
of coordinates) to be performed after reset termination based on the measurement value of the 
interferometer of length measurement shaft BI1X and BI3Y. 

[0173] Then, the wafer stage WS 1 is positioned in the location shown in drawing 16 with a main 
control unit 90, Like the case of the 1st operation gestalt mentioned above using the reticle 
microscopes 142 and 144 Relative-position detection of the wafer side top projection image of the 
marks MK1 and MK3 on the reference mark plate FM 1 3 and the marks RMKl and RMK3 
corresponding to it using exposure light on a reticle. Namely, after detecting relative-position 
relation between marks RMKl and RMK3 and an exposure location (projection core of projection 
optics PL), More finally than the relative-position relation between the relative-position relation of 
each shot to the mark MK2 on the reference mark plate FM 1 currently called for beforehand, an 
exposure location, and the mark MK1 on the reference mark plate FM 1 and MK3 coordinate 
location, an exposure location and the relative-position relation of each shot are computed. It exposes 
according to the result (refer to drawing 1 1 ). (double exposure mentioned above) 
[0174] Although it separates from length measurement shaft BI4Y from a reflector according to an 
exposure location and becomes measurement impossible during this exposure, since the switch of the 
length measurement shaft for the position eontrol of the wafer stage WS 1 has already been 
performed, there is no un-arranging, 

[0175] Thus, while actuation of an exposure sequence is performed by one wafer stage WS 1 side, 
position control is made based on the measurement value of the interferometer of length 
measurement shaft BI2X and BI5Y 5 and, as for the wafer stage WS 2 of another side, W exchange 
sequence and the wafer alignment sequence are performed. In this case, in the wafer stage WS 1 
side, since double exposure is performed like the above-mentioned, the direction of actuation of the 
wafer exchange sequence by the side of the wafer stage WS 2 and a wafer alignment sequence is 
completed previously, and the wafer stage WS 2 is in the standby condition after that. 
[01 76] When all exposure of a wafer Wl is completed, in a main control unit 90, carrying out the 
monitor of the measurement value of the interferometer of length measurement shaft BI1X and 
BI3Y, the interferometer beam of length measurement shaft BI4Y moves to the location reflected in 
the reflector of the wafer stage WS 1 on the wafer stage WS 1 , and resets the interferometer of length 
measurement shaft BI4Y. After reset action termination, with a main control unit 90, the length 
measurement shaft for control of the wafer stage WS 1 is again switched to length measurement 
shaft BI1X and BI4Y, and the wafer stage WS 1 is moved to a loading position. 
[0177] Although the interferometer beam of length measurement shaft BI3Y separates from a 
reflector and serves as measurement impossible shortly during this migration, since the switch of the 
length measurement shaft for the position control of the wafer stage WS 1 has already been 
performed, there is no un-arranging, 

[0178] In a main control unit 90, migration of the wafer stage WS 2 is started in parallel to making it 
move towards the loading position of the wafer stage WS 1 that the reference mark plate FM 2 of the 
wafer stage WS 2 should be positioned down to projection optics PL. In the middle of this migration, 
like the above-mentioned, perform reset of the interferometer of length measurement shaft BI3Y, 
and it is made after that to be the same as that of the above-mentioned. Relative-position detection of 
the wafer side top projection image of the marks MK1 and MK3 on the reference mark plate FM 2, 
and the marks RMKl and RMK3 corresponding to it using the reticle microscopes 142 and 144 on a 
reticle, Namely, after detecting relative-position relation between marks RMKl and RMK3 and an 
exposure location (projection core of projection optics PL), More finally than the relative-position 
relation between the relative-position relation of each shot to the mark MK2 on the reference mark 
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plate FM 2 currently called for beforehand, an exposure location, and the mark MK1 on the 
reference mark plate FM 2 and MK3 coordinate location, an exposure location and the relative- 
position relation of each shot are computed. Exposure (double exposure mentioned above) is started 
according to the result, 

[0179] It does in this way, the wafer stage WS 1 is moved to draw in g 17 to a loading position, and 
the situation when actuation of an exposure sequence is performed by the wafer stage WS 2 side is 
shown. 

[0180] by this loading position, like the case of the 1st operation gestalt, the mark MK2 on the 
reference mark plate FM 1 positions, it is made the bottom of alignment system 24a, and a main 
control unit 90 detects the coordinate location of a mark MK2 like the case of the 1st operation 
gestalt on wafer exchange termination, simultaneously the 1st stage system of coordinates (BI1X, 
BI4Y). Next, EGA measurement is carried out to the mark on a wafer Wl, and the coordinate 
location of each shot in the same system of coordinates is computed. Namely, the relative-position 
relation of each shot to a mark MK2 is computed by subtracting the coordinate location of the mark 
MK2 on an orientation plate FM I from the coordinate location of each shot. EGA actuation will be 
ended at this time, and it will wait for exposure termination of the wafer stage WS 2 top wafer W2 5 
and will shift to the condition of drawing 16 again. 

[0181] According to the projection aligner of the operation gestalt of**** 2 explained above, can 
acquire effectiveness equivalent to the 1st operation gestalt mentioned above, and also The length 
measurement shaft which switches in the middle of migration of the stage at the time of switching to 
actuation of an exposure sequence, and is used a front and after a switch, respectively is made to be 
reflected in the reflector of a wafer stage in coincidence after termination of an alignment sequence 
of operation, moreover, from the length measurement shaft w 7 hich switches in the middle of 
migration of the stage at the time of switching to actuation of wafer exchange and an alignment 
sequence after termination of an exposure sequence of operation, and is used a front and after a 
switch, respectively having been made to be reflected in the reflector of a wafer stage in coincidence 
The exposure light alignment sensor (reticle alignment microscope 142,144) which minded 
projection optics PL after the interferometer reset for length measurement performs mark 
measurement on a reference mark plate. In advance of this, reset of the interferometer for length 
measurement is performed also in the case of wafer exchange, and it becomes possible to perform 
mark measurement on an orientation plate after wafer exchange termination by the off-axis 
alignment sensor (alignment systems 24a and 24b), Therefore, it becomes possible to switch the 
interferometer of stage control to the interferometer which has the length measurement shaft used in 
the actuation after a switch in the middle of a switch of the exposure actuation and wafer exchange 
actuation by projection optics PL in the middle of a switch with the alignment actuation by each 
alignment system, and the exposure actuation by projection optics PL. Therefore, it becomes 
possible to aim at improvement in a throughput further compared with the case of the 1st operation 
gestalt which was switching the length measurement shaft to the mark measurement on a reference 
mark plate, and coincidence. 

[0182] In addition, although the above 1st and the 2nd operation gestalt explained the case where it 
was applied to the equipment with which this invention exposes a wafer using a double exposure 
method While the equipment of this invention performs exposure twice by one wafer stage side like 
the above-mentioned at the reticle of two sheets (double exposure), this When carrying out wafer 
exchange and wafer alignment in parallel by the wafer stage side of another side which can carry out 
movable independently, while a throughput higher than the conventional single exposure is obtained, 
it is because there is big effectiveness that large improvement in resolution can be aimed at, 
especially. However, also when the applicability of this invention is not limited to this and exposed 
by the single exposing method, this invention can be applied suitably, For example, supposing each 
processing time (Tl - T four) of a 8 inch wafer is the same as that of the above-mentioned If TT , T2, 
and T3 are made into one group (a total of 30 seconds) and T four (28 seconds) and parallel 
processing are performed when carrying out exposure processing by the single exposing method 
using two wafer stages like this invention the former which a throughput is set to THQR-36G0 / 30= 
120 (at [the time of **/]), and enforces the single exposing method using one wafer stage 
throughput THOR= of equipment — it becomes possible to obtain an almost double high throughput 
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compared with 62 (at [the time of**/]). 

[0183] Moreover, although the above-mentioned operation gestalt explained the case where step - 
and - scanning method performed scan exposure, even if it is at the electron ray aligner (EB aligner), 
X-ray aligner, and SUTITCHINGU exposure time which compounds a chip and a chip further when 
this invention is not limited to this and it performs quiescence exposure by the step-and-repeat 
method and, of course, it is applicable similarly. 
[0184] 

[Effect of the Invention] As explained above, according to invention given in claims 1-4, and 6-11, 
there is outstanding effectiveness which is not in the former that improvement in a throughput, and 
small and lightweight-izing of a substrate stage can be attained. 

[0185] Moreover, according to invention according to claim 5, the projection exposure approach 
which can attain improvement in a throughput, and small and lightweight-izing of a stage is offered. 
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DESCRIPTION OF DRAWINGS 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^*,^^^^^v.^^^^^vA^^^^^^^^\^^^^^^^s^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

[Brief Description of the Drawings] 

[Drawin g 1] It is drawing showing the outline configuration of the projection aligner concerning the 
1st operation gestalt 

[Drawing 2] It is the perspective view showing the physical relationship of two wafer stages, reticle 
stages, projection optics, and alignment systems. 

[Drawing 3] It is the top view showing the configuration of the drive of a wafer stage. 

[Drawing 4] It is drawing showing the AF/AL system prepared in projection optics and an alignment 

system, respectively, 

[Drawing 5] It is drawing showing the outline configuration of the projection aligner in which the 
configuration of an AF/AL system and a TTR alignment system is shown, 

[Drawing 6] It is drawing showing the configuration of the pattern formation plate of drawing 5 . 
[Drawing 7] It is the top view showing the condition that wafer exchange and the alignment 
sequence, and the exposure sequence are performed using two wafer stages, 
[Drawing 8] It is drawing showing the condition of having performed the switch with wafer 
exchange and the alignment sequence of drawing 7 , and an exposure sequence. 
[Drawing 9} It is drawing for explaining detection actuation of the reference mark on the reference 
mark plate by the alignment system. Drawing in which (A) shows signs that the reference mark MK2 
on the reference mark plate FM 1 was positioned just under alignment system 24a 5 When drawing 
showing the signs of image incorporation that (B) detects an example of the configuration of a 
reference mark MK2 and it by the FIA system sensor of alignment system 24a, and (C) capture the 
image of a mark MK2 by the sensor of a FIA system, they are drawing showing the wave signal 
acquired by the image-processing system. 

[Drawing, 10! It is drawing for explaining measurement actuation of the mark under a reticle 
alignment microscope on a reference mark plate. Drawing showing signs that (A) is performing 
relative-position detection of the wafer side top projection image of the marks MK1 and MK3 on the 
reference mark plate FM 1, and the marks RMK1 and RMK3 corresponding to it on a reticle using 
exposure light under the reticle alignment microscope, Drawing in which (B) shows the wafer side 
top projection image of the mark RMK on Reticle R, drawing in which (C) shows the mark MK on a 
reference mark plate, drawing showing the situation of image incorporation [in / in (D) / (A) ], and 
(E) are drawings showing the wave signal with which it might be processed in the captured image. 
[Dr awing 11] It is the conceptual diagram showing the condition that exposure of each shot on a 
wafer is performed according to the exposure location and the relative-position relation of each shot 
which were finally computed. 

[Drawing 121 It is drawing showing the reticle stage holding the reticle of two sheets for double 
exposure. 

[Drawing 13] It is drawing for explaining the exposure sequence in the case of double exposure, and 
(A) is drawing showing the exposure sequence at the time of exposing a wafer using the reticle of the 
pattern A of drawing 12 , and (B) is drawing showing the exposure sequence at the time of exposing 
a wafer using the reticle of the pattern B of drawing 12 . 

[D rawing 14} It is drawing showing the exposure sequence for every shot field on the wafer held at 
one side of two wafer stages. 

[Drawing 15] It is drawing showing the mark detection sequence for every shot field on the wafer 
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held on another side of two wafer stages. 

[Dr awin g 16] It is drawing for explaining actuation of the 2nd operation gestalt, and after the 
alignment of the wafer stage WS 1 top wafer Wl is completed, it is drawing showing signs that the 
interferometer which has length measurement shaft BI3 Y is reset. 

[Drawing 17] It is drawing for explaining actuation of the 2nd operation gestalt, and is drawing 

showing a situation when the wafer stage WS 1 is moved to a loading position and actuation of an 

exposure sequence is performed by the wafer stage WS 2 side. 

[Description of Notations] 

10 Projection Aligner 

24a, 24b Alignment system 

90 Main Control Unit 

142 144 Reticle alignment microscope 

180 Pin Centerjarge Rise 

1 82 1st Loading Guide 

184 1 st Unload Ann 

186 1st Slider 

188 1st Load Ami 

190 2nd Slider 

192 2nd Loading Guide 

194 2nd Unload Arm 

196 3rd Slider 

198 2nd Load Arm 

200 4th Slider 

Wl, W2 Wafer 

WS1, WS2 Wafer stage 

PL Projection optics 

BI1X-BI5Y Length measurement shaft 

R Reticle 

MK1, MK2, MK3 Reference mark 
[Translation done,] 
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¥?m¥- 1 0 - 2 14 7 8 3 

2 



h * t ; HuSBis»)t*?Ros«^^ fc Sutar 5 -r ^ >- h 

IfiXf- v^fuESfS 1 /i fRi O ffi H ^ 'ffi ^ ff $J f £ Si* 

tc35M*T §^3 ffljfiM 4: > MET 5 ^ > h % (Dm tti ^ 

cn^> commmc & o mtcm i ao^ssx-r-s^D 
m 1 isxt- v& ti^ 2 stsx x~ ^ o ^ ?j <d x 

S^ttfi MET^It ^ X X A OffiES 3 $Jgttl<D 
ft if J ffi * ffl 1/ ^tfl*n, R-S<D7 "T* - v &c M# 2 ft 

OF * 2 Sffi X v- — > } <D CDmJj x -r — V ffi fir * ft /c 

rmmztiz j: -5 (ctrnri 2 o^isxf- ^ <o fF # s y 

fc 0ffiMM«*«tti Rlfi&ftffiBfc: 
fufB#j?*DXx— ^ ; ^* 

rs»»«issBo 

[tt$9 2 ] MElfflE3tt¥3fiK: H LTbuET -?4*y 

*WB»J»¥St4. ME— ^©X^-SJOffiBtffflET* 
tt^X^AQfrutBIg 3 SJfittOaWJffl^fflV^T«SS 
ft, i-75"^X 7— ^e£s£¥£ ftfcJR/SSStfJBft * ft 
§ IH fc . *J EfltoS (DXf- y te S ft fc ^iSS«±0 

St X -r A 4 ifflgtt©!tffi!HB k * ffl V ^ ffi S ft & 
£ -5 fcftftK 2 ooa^x-r-^^lft^^^JP Lfc»»c, 



^ h^^> k fc fete. iJgBBUOT^-Y j?< > h^^tBl« 
tc H&8E— 7i ^Sffix -r — ^oaV^^ffiBi** $ ft 
^> J: 3 Icffm-Ji OX-r— *WJ»-r §ch *«r 

3 ] mifB^ l IfiXf- ^Stf WES 2 Sffi 



It, B9E- -^©X t— ^ t mmWMi'^'rLs t (DfflT* 

mmv&tmu^n&v c t %mmt %>$mm 2 ^ib 

[It^JR 4 ] mllBS i S1SXt^- ^saltflBS 2 SS 
X f — > y ±^ ti tuIBX-x— is<DMW>£ tLX 
^*^ft^ft^?ft, 

Miavx^o/^-y^^tai$^^kMSaxT--^±co 

p/r^OTMt^ ^ D SuE 2 0(DXr- 

Stffflij^fTV^^5> iS----7u^XT--~^^^^ftfcS 

]TSS«±tcMEvx^(D^^-y®^©^B^b, M 
E— ^ O X -r - ^ tc{^t#^ft/cSffi to gf^ 4^ , m Ep/r 
SOT »tf ^gij^T^H-^ J: D ME 2 9©X -r- i^O 
rt(DM^)Xf-v«IIS?:t7^S*^^ ^ffi^'O 
X t* — ^tc^lf^ n/cSS±<DffiI^t>tv- ^ k guE 

WE-^OX^-^tc«»^ftfcS«C)M^7^tc, 

tutam^T^tHc cfc o iiBMoxf-^tDttiiti 

tf^ftttlll-pWfEBfSOT^W'O U -b ^ h ^"T § -fc i: 
fe tc, ME!M&tt*SoSB«ttrt ©BfS©»*JiS :fc «> 
{ft«H«*«Hi^«affi«K:WE^OX^-^OlS* 

MEI«J^ftfc{uBM^tc»^^, WEUtv hsnfc 
F/r S O =F S$ft ^rfflV^T hu fiBiifiTb- «Xf- ^ ± lc ~£ ft 

[S»*^ 6 ] ^X2\cBf& * ft ft^>-vo«* 



(3) 



^m T f- 10- 214 7 8 3 



3 



6 n , its lasts — s/± ^ sq§ v-^st/tij ibss x 
~r y »c«*s£ nfcigjsss±^ ^ ^m-r & /c 

b ffilB3§ 2 liXf- £/<DhuSE^ 1 *fc£ft©ffi«*tfiB!l 

cox-r— ^i^Pv- £ 1 cD&BM#£'t3f B7 7 5 ^ 
3fi <fc S fflffiv X ^ CD/ ^ - vfifccoafBfflH hIj KtiHB" 

oxt <d«* ^ - * fc 60 eg Mffi * * #> s 
fi<o»te«-e* o T*ttK«jejfc¥*fc £ s tufa vx * s> 

[If ^8] MKSUffl¥©Mu ^IBffiTjOXT— vHc 
MIB v x * co/^ £ - >i%<D&B®M t ftulBffi^ OXf- 



> — 1 *2. 



5c 



10 



20 



30 



40 



X^-^fc ; S/£S«^^LTbuIB^ 1 SlXr-v 1 



a" 1 



h^>: ; HuHBSfS 1 MS X r - v ^ MlB^ 2 Xr-^ 

s tt ffi t n o m ic , m^j <o x r - - if&mmto ^ * ff *> 

J: 3 ^ctuIB 2 ooa«X7 L -"^**JWt"Sft*J» i f*Si:* 

iS$w^©^^ m ia-/^x 7=- - s^^' m ib^ i>xfA 
t oB-esEjsas«o»t» u*ff 9tt we— £>x 

[0 0 0 1 ] 
[0 0 Q 2] 

liXf-^i^iil, c^IiXf- S^tCcfc OSRJC 
a^^r^ii (Xr^ tf>^) ^^:T, — 



[0 0 0 3] 



50 



(^Jx.timW-7 - i 7 6 4 6 8f 
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#BB¥ 10-2 1 4 7 8 3 
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MOD R A M N m^n^mclt 2 5 6 M> 1 G (^#) 

;l/ K tf&m fc: x t- w ; £ ftbot x 4- * > 

[0 0 0 4] 

©■pssct^e , — mmm k £ n /c «■ cd^mcd x 

/ n^S^SI 7? * Z>frt^5 $£Mf&1i, f & to % X 

[0 0 0 5] cniCHU Xf7'/'7>F'X + t> 

a\ at3ttt b^ > ;i/ ^9xa^ (omm^mc <fc & 

■ftitncfT&tons £ £; 6. * ©^»»»M«<DftJftfc: 
IXiWiMWRifi&g t&D, Kcxf^^- <D 3 *y h it 



o 



[0006] r(DmoDmmytmwic^f%&mcDmn 

[0 0 0 7] ® ^XAP-^ffiot^XA?: 
^xyN-r-^;b±jcn- FIv^xau- KXStffr* 
toti^o 

[0 0 0 8] © ^f77^^>b»i:D 
*>x/NCD^:^^^:{iB^tH^j^ 3 ^75 ^ p< >' h 

TH0R=3 6 0 0/ (Tl+T 
±13 T 1 — T 4 (DW^mt, T 1^T2 -» T 3 -> T 4 -> T 

ZtlZo £(Dtc*b. T 1 — T 4 ST<Dffi|4?©R**iBa 

{frrnfcf#eavh£ < % o T N X/b-y -y MHOR* 

lR]±£-&5Cfc#T?#5o b^U ±iEbftTl 0>x 

I tWcfcfbT— is^Ratons 

«(D^m^ht«^J^V^ S/c, T3 (77-^77^ 

<D»&«. ±3a?bfcEGA^*ffl^SIB 



[0 0 0 9] (D ^x/vLcD^v-hi >v MMM^ffi 



G' A 
1 t\ 



9 7' 



10 b, c oitrlttS* <t ^ 3 y h EJiJOSI+tt i: icS^5^ 
T\ i^toi*««/>a*^^J:««iW"»**fTaoT, 

(^^08 6 1 - 4 4 4 2 9#»«t¥#fia) . IXilz-y 

[0 0 10]© J:,aLftEGASa*»CiD# 
A&fc&S/a ^y hnK^^fiS^^^ffflbfc^-X^ 
>M^?c»^V^T^MK^x^±<d§^3 ^y h« 

20 cd^ ^ - ^ x/ \±^c ig^-r § iUtXg^frft ton 

[0 0 1 i] © yKlc, rai?ti/c^xAf-7;V 
±<0 ^ x^ n^t ^ x/nT 7 > n— o T ^ x^r > n - 

F$^§ r >x7NT>n— KlWI5%t)n§c CO^x 
A7yn- KXSti, i«Jtffiffl«:tf * -5 ^XMcDite® 
co^xmp— KXSfcRl^cifTfttonSo ^^to^, ® 

> © tiaot^x; N^^ig*w s n 3 o 

[0 0 12] ^(DSf^^eT^, ^ 

NSSI^it— ^ T 7^^yf -> 77Yy77-Y^>h 
30 ->@^^x/N5i^-----Oi-5^. *t<4O0li<W 

1 OCD ^X/ \X v ^ T «t 0 £ bfT SWT J v > 

[0 0 1 3] Sfc, CCD«cDS^7t^HcDX;l/-^^ 
MHOR [tt/^FH] ^ ±a?bfc^X7N^g|^p^^ 
TK ^r9^^>hB#lffl«:T 2. 77-Y>77^ 
^yh«T3, l«WT4tL/:t&^ ^ 

(i) ©j^KS-rcfctfT^So 

[00 1 4 ] 

2+T3 + T4) ■•• ( 1 ) 

[0 0 1 5] gfc. T4 (*)t^pH) ^XAg^P$ 

[oo i e] sfc, ccoao^®^asT±iax;i,— 



7 



(5) 



I 0 - 2 1 4 7 8 3 

8 



.a^S (DO F : Depth of Forcus ) „ ©AfifMfllMl 

#W&ft5o iiSRft »*iftft*AfcU HSBU 
yX053P?S[5:N. A, (Numerical Aperture ) 
fc, A / N . A. KlJtffiJU MiSDOFia/ 
(N , A , ) 2 tCjt0N"5o 

[0017] (KDtztbs WMm R *Ir]± ( R <Dffi 

w4iHin»N. a. <-rs^fi* , *5o g 

0 . 2/imL/S (7-fy 'TV F 0 X*^— 10 

m^mnmimmMmmcmfZftzw. a r f 
x+^i/-f(D me* mm<D s § m -e a ^ # » if m 

[00 1 s] *«*R*±tfsfB^i£fcbTtt, mn 

»N. A. £**<^*cfcfc#*.&ft5tf, N, a. 
£r^<1-££:, tS»)t¥3fi©D0 F*M^<a5t^ 

9f7'J7 htf&5 0 CODOFil UDOF (User D 
epth of Forcus : n — -tpffiij T{3!fflir<S : ;^ — >g* 30 

^cw^t^o Lti$m a do fcdj*****:* 

L/S ■ 7>F • X*^-X) . BBjzL 

y) , Mils (x^— x) , wch (a^^h^- 

^Tl^c C<Dtc#>, %EM£. ED-TREE 

uyx77: A ;^o, n. a. , mmmms., u^^/u 

[0020] ®:/n-fexKtfi (9x^±¥fflfk) rpj±(c 50 



O F 1 ^ m 0 . 4 /* mlUT^ & £ njftgi*^ S 0 
[0 0 2 1 ] (DBtftiftfttf g ^ (4 3 6 n m) -* i ffi 
( 3 8 5 n m) -> K r F ( 2 4 8 n m) hMiSfilk LT 
LfrU -^1*ttA r F (19 3) $tO)WL^ 

[0 0 2 2] ®X*r*y 7° • 7 > F - V \£— h<D& 5 %Bf- 
iLBftKTCfo DXr-y/ -77 F • X+* 5 

pjfirefco (#^X^^>^r»J) s W)iSN. A. it 
[0 0 2 3] ±tBO<k'5«:S*»l«* i »*^UT, Kl? 

0. 1 iimL/$mTMBL&r> t^5M 
^jSKi*:BU*ft*o 



[0 0 2 4] (l) B)t^7^-#<oa4«L/S, B 
[0 0 2 5] (2) ffiffi^7HS*«:»At5t, Mil 

$§u d l/s otj^i^i-d o f icrmwmm&^Mi\ 

;^->?L/STMU 2tfcg<DU^^;WcT L/ 

[0 0 2 6] ( 3 ) -astc, L/S J; 0 mxiMte, 'bZ 
rs.N, A. ^TSv«/S«l§ci:ret§ (ffl 1 

DO F^^Jn^ < o ^T6D/^-y^ 

ftff^^Sc L fcMiL^cDlfl^-g-t)^^ cfc ^ , L / S &BF&-4~ 

o 

[0 0 2 7] ±SBO" ammffi^PftSfp]±, D0F[r] 
[0 0 2 8] LfrU ::::®M)V:>4^, SScoi/f 

ffi rat3tt«ia*ai»iafira 3 *e«A^* § f^.*^ 

7° ^.y F A^SK: 5 i: V ^ ^ 1t £ t 

5, il^eUu ^MSI^ffi^fe* f3H*Jfctti**ftT«: 

U^*;l/*fc«fct), (DOF) C0[r]± 

[0029] u^b^^e*. ft^a^/criDta^ K 

r F. A r F«7tS«*cffl^Si:0. 1/imL/Slt 
<D83fctfH3iT5CfcjCcfc 5^ 2 5 6M, 1GODRA 

ffi^SSMTfe^X;!/-^^ F^^_hco^fe©rS«^f^fg 



(6) 



¥fMW- 1 0- 2 1 4 7 8 3 



9 



10 



[0 0 3 0] cmcil, tuxELfc 4 0£>®|fls *3~&to 

■& S c i: T* # 5 £ % x. 5 n , ^(DfzZb li affi Xf- 

& # , si* k &Sffi xt-y * w&m n , 
< ti* u n^ns > u Acorn x h 

to f § <£> f<c & N [W| ©Sffi x f - — 



ttDmy'MmiCk '0 Xfr-y'v h<£)fn]±&tf affix x 



-J- if-* 



" ^ C £i f c 3d o 
[0 0 3 3] 

14, vx? (R) ^M^n/cM^^y^M«)¥# 
^ (PL) ^/rLTMiSSffi (W 1 , W2) _BcSf5® 

jtt-rataiBiRjtttaiTa&oT. (wn 

LT 2 ^fc¥ffirt^itl"I^^^ l SSXf-y (W S 
!) £ (W2) #««fLTfflfE8B 1 affix -r 

-v 5 (WS 1) fcBI— ¥fflrt**J8E«ia«Xf— y 
(WS 1) fctttt3tfrc»i!i^flg&S2atgX'r— ^ (W 
S 2) t ; jWBS»)tt** (PL) fcttSJfcRtt&tu 
hOIBSSXt— ^ (WS 1, WS 2) ±XttB9ISS«X 

t— y (ws i, ws 2) tcfs^nfcgsjsaffi (w 

1, W2) ±<£re— ^^a^-SfcfcOT^-f p<>h3R 
(0J*tf 2 4 a) £ ; ffiK«Btt¥* (PL) 
fo£miZT s y<<f*> b^ (2 4 a) (D&Hi^kfcfciia 
* 1 Hll^riRl^— 75rfltfA^B9l2S 1 affix f— ^ (WS 

i ) omib^ i »7?rRi<Dte«*«tcftsij"rss i ifflfitt 
(b i ix) mma^ i ffl7?^]Oftfi>jfflj^?>wia^2 

liXr-y (W S 2 ) <0ffifE3§ 1 1fcJ5[ft<DtiLm%1ftl£ 

n-ffif «iB2»istt (Bi2x) Wiaa»«¥* 



(PD otg^ffi^TtffiEag i 



J (B I 3 Y) ts mffBT^-Y;* > (2 4 a ) 
(BH Y) cn5«i (B J 1 X— B 

i 4 y) tc ct 0 tut a^ i aa^2affix-r— ^ (ws i 
rzf\n s 2 ) co 2 ^ffi«**n^ntHii-r ST^ff-^ 

XfAi: ; ftijfa^ i affix x-v? (WS 1 ) M^2i 
ffiXr— ^ (WS 2) Ort©— 7?(DXt— S/OiuH>¥ttf 
IBTM-f v'X T- A Oflaia^ 3 iBilRlft (3 l 3Y) <OtH»] 

tit^ffl t/ * x mm s n, tj^x t— a- n s 
10 j-saffi^7te?n§raic, swag! 1 affix^-^ (ws 

1) Stf^2affiXT— i? (WS 2) ^)rt(DMOXf 

- nfc^iSaffi±07' v Y^>hv-^>:ft 

lafw^x 7— ^±©S¥/S t ^offigia^^tfjiaT-5 

(2 4 a) ^tblgatfltjIBT^Mt y'XfAO 
m 4 $jg*& ( B I 4 Y) OgfSiJffit^ffl^T^ttl^n^ 
J; -5 ^huIB 2 O^SfiXf-^ (WS K WS 2) 
fP*W»L/t»fC, Wia^3fflMM (BI3Y) OWftl 

ji^ffl^Tmiaffi^^x^-^tDffiMitM 

THulBS3»Jfitt (B I 3 Y) (D^miftV-tv b"?% 

20 fcfcfeK, w>E»»)t** (pl) oaeflwirtom^ 

f-^««]iti>$iMs (9 o) t ; **rr 
[0034] crucxmt, T^itv-x-f ios i »jg 

Sg2MiSM^^DS I SfiXf-^\ & 2 affix -r 

- 'J com i tt^offiK^wcw-wjsns^T, ^ v fn 
30 -^ntf, s k ag 2 affix f—^o 2 ^ei?:fit 

COW, M»^a"Ptt, ^lSSXr-^M 

S 2 affiX-x— S/Of^jCD—75"OX^-~ ^OffiP^^iff 

soxt-^ tc fsf 9 s n fc mssxiR tfmyt * ns^c 

fttOX^-^cDa^fc^ffiSM^T 7 ^^ ^ > b 
^^ffllSS^Wtt^Xf AOS 4 S'JSWiOItMi! 



40 $ijfflb/c^ 



3 9Jfi|ftOW-iB!H<«:ffl(/^Tflfi^OX-r 



50 



a^Rfcot4g^im^ffi^^ffie^ifi^ox7--~ v 

[0 0 3 5] "T^to^, SiJffii^T^ftjiB^OX'r*- 

y^^^nfc^jsaffitc^L, tagmofiBW 



(7) 



WmW- 1 0-2 1 4 7 8 3 



11 



12 



toyx^o;^- >- {ft 6D B3t ft^ff & t> n s ra *c , fts 

/jtDXT-y^ Uft £ ft ft J&SS K ± ^ > h v 

W^iqjcO^JStt (31 1 iWStt&t/»2i|iJS«l) KSffifc: 
£36* %m 4 SiJftft^f+TBWB^fflV^TT y ^li^: < IE 

Btsci^t, c©j;Mat^asxf-y 

±£>M?tlW i: ^(DXv— z/±(DT "7 << * > h ntt t 

[0036] ww^aTti, ±iao^r— 

^fii^^ffl^T^o c<0fca&, Xt— ^±oa*P^4:«5 
14, V h ^Qf+fflyBf &c^ffl£ ftfc33 4 PIS 



£ 3b^T#, C tuc £ D SgXr-y%J«t & c fc W 

[0 0 3 7] ji*3H2 tcE*0»Wtt. 1S*5S 1 fcSB« 
OS»IKttS6JBK:*5t^T, tfflKfi!Btt¥3K (PL) ^ci 

LTHufdT^-f^y (24 a) ©fittfliUcfflfESB 1 
tt±J'C.^ai^>L^*^i)SU^T^^^>h^ (2 4 b) 
HulBT^ft^XxA^, ^ -Y ^ V b 

X (2 4 b) OfcttJ+i&'tfttllBSf 1 »£fi*{<C3£M-r£ 

»5*hani (BisY) susbsw^® oo) 
a , am a— xt — vcoiiLmwmttmi y x r- <o 

mliaa 3 fflijgW (B I 3Y) OltiMffi'Srffl^TgSS 

n, m-Jj<DX ir - y 2 ft fc ifiMft 2 ft 

& Iffl IC , mmifoJj tDXf- ^ £c * tl fc ® iSS«± £D 
77^^hv- : ^ WIB#;>50Xt-~ t 

(DiiLWMffitfMZr * > h^^ai^kMIBT 1 ^ 
ft>'XfA^4»gi (B I 4 Y) Of«JM^%rav^ 

t^Hi^ns cfc d (cffilB 2 o^liXf-^«ff?:9l 



10 



20 



30 



40 



WLft»tc, mmmsmmm (b i sy) cDit^fa^ffl 

§g 5 ^JfiW (B I 5 Y) C0-T?$lt^U^^ Sfcfc fe 

te, HufBSU^T^^^O h^ (2 4 b) O^ffiM^rt^ 

[0038] cmcxni£, %iffl^m.T*temtz~j](D7s 
"r- viz uwzti rcmi&mu mm^<Dn& 
■^hbvm i MTjf^cDsy** cm i 2 ays 

«j) ('C^iE^^MT^^ 3 aySWOf+ffliKi^rffl^T-Tj 
^^r^LTcOvX^^/^ — >' jft <DW,ytm r % to ft £ RS 



1 W?j 



50 



mmicszm-? zmi mmmm mm^m ^rry ^mm 

^ < iE5ttCJ»l±l*fta«t 3 ic, 2 o^SfiXr-^^ii 

"r—V±(D 'MytW) ft t {'&7J<D Xr-^i:077'i'^> h 
»f p k M?t LTtT^toft ^ C 1 1: ^ 

7^-^(Dimtrm^m^m^m 5 ayswoT^it 

^©S«x^— ^±©aqs^ffiffii*«)Sft5 

,tsss ^ st-r a a >t 5o sv *i 7 l fc -7? © x T* — -J fco^t 

tmr^^yv^-^ ^offis t znyttc ^mm 
rcffiTj^s^xx-^^iusita'j^m 3 aysttoit ayffi 

U -b ^ h *T a c i: cfc 0 > "^OXr- ^j^g 

[0 0 4 0] Cfi0^^fcV^T> l§5R3g3^SBlgcO?g0^ 
0$n<, S 1 ISXr-: ^ (WS 1) M^2l^Xf 
— i/ (WS2) k0^t?^lSa« (Wl, W2) OSW 
ffib^tTft^H^^Xf-A (i 8 0 — 2 0 0) 



(8) 



#P^¥ 1 0-2 1 4 7 8 3 



13 

h& (2 4 b) <Dmmmmmcmm-jj<Dmux : T~-i? 

i:|fiftB»536^X'rA (1 8 0-2 0 0) i:<OMT*S«© 
L^rtT^ b £ 3 tc-T * c t # SIS CO J: 5 
(ct§ fcfi^c ti, ±fB©»t»ft t: 7 ^ >f ;* v h Iftff fc 

cD^jt)#x.^*n^, mm^-mcx*), tm^xta© 



§ a*/£<7>fitg f+ffj «EjSaffi<DSEtBi £: %S«X ^ 

&Wt-&%> (DiCbUX., $fe*cSiWLfcR#HIT K ^T2 

[0 0 4 l ] If*ri4 tc8E*eoaWtt, M$« i ^clB* 20 
^SM«»Cjo^T, MfB^iaiSXT— (WS 
1) RZJmMm 2 SfiXr-^ (WS 2) itctiffiiBX 

T-^©S^fc LTCOS^v-"^ (M K 1 , MK2, 

mk3) tfftifnMsn, MK«Kft¥* (pl) 
oa»««rtom^oi(qi^ittwiav^^ (r) 

->'#C)SS$^^TfeD, itufBvX^ (R) <D;^ — V 

i^as^^iiotexx 

■H«*WEvx^ (R) fcWES»)t*3R (PL) * 

ftLxmmt^-^tiLm^m^m (142, 1 a a) 

[0 0 4 2] cntC<fcnMu WJftl^STtt— 7?<DX-r— 

>^c«?# ^ nfcssjsasfc:** u s 3 iWfittow- aijffi* 

l t (D v x ^ co/ n 9 — ymoim-ytwfs 
t&t>n%> m s fiwox-T— ( c « # e n £ sasasu: 

(MK2) t^(fiiTO77^^>h^ (2 4 a) CD 
>Mr. <D Kttlbfls £ fffiTJ OXf-^±(D77^^ > Miff 

[0043] mm^mvit, ±sb^wxx->>^ 
h"Ti)^kt(-c s yx^/^- Miosis 

®M (MK 1, MK3) AMiB^ai^tl^id^ffi^ 
gtp^ (M K 2 ) ^S£;SfiJ:iD77^ ;* > h v-^ > 5 o 



14 



Offig BtH&tfgtffi'J £ ft fctifcfr <DX >Hc 01- ^ T 7 
tC&t)^ M^Xf-^iOa*^ (MKl, MK 3) 

^Yx^©;^- (Dmpmmmm^ 

X^ 7 (R) (PL) 5:/MTiffit§v- 

^ffiP:^m#@ ( 1 4 2, 1 4 4) ^rffl^T^m^^C 

^3Syg%^a+»JfS<h%ffl^TS»7^^ (PL) tcj: 

[0044] s izmm^mm^ vx^ (r) <d 
^?->'<DM%&§m¥%s (pl) *^LTa(tj6atfi 

(WK W2) ±^ta»»)t^*15BK«)tt^}*"P*^ 
T, ^Sfi (WK W2) ^SjfLT^^IBj^W 

f^itaS^M^t^ 2 oa)SfiXT-> ; (WS U W 
s 2) ; mS^>T'Pf^^0SuIB2ooxf 1 - 

ytWc, mMffi&(DT&tr t ^SUOT^It^ cfc v ) MIB 2 
o<d x i/co jAjcofWo X 7— -J<D\tmt\M^:fj 1/ ^ 

Kffi7?OX-r-^^«f#^nfcffi)Si 



h <DiiLS 

^t>^~ 5 t m BMiDX i?±<DS»& t (DitiM 
Xx-^^ffiHit^^WtB^^T'^ 

^TMiBfa^^xf— ^±»c«sps n^asfsss t^x 

[0 0 4 5] CtlfCiWl -*<DXf^-^Cffijf?tl 

^jsais^fiLS^^v-^k^x7»y±oa^k 
it <t o t mm s n > te^ <d x x - ^ (dul m ^ shot* 



w-tc<fcoTsasti*o fit, -*©xf- ^fij 
^ n /c ofiv sb- v - ^ kffti^o 



WmW- l 0 - 2 14 7 8 



15 



16 



n. v x * (D/ n * - >mmfomm± k mmytz n 

[0 0 4 6] t~ftt>l3, — # ©Stg Xf-y IC GSJf £ n 
iSStS 077^^>hlfft #Mfr L T ff to n /c % , 

tl> ^ ©1^7? © X ^ ^- © fuM £ F/r^ © T f c J; 

vx^©/^- >"»O««4»£0 £©ft;HKfS£" 



4 a) ^te^TMISS 1 M^itt^SS4SfJm 



W^f£ftffiB^75©XT— - ^©»pj£ftHftBi*a&a' 

n, M*©{aBBB«tf«asns^ c^ffliss^* 
> h m+ptomte tmi ? n x - >?± (Dsm 

± icum^ti tc ® « t v x ^©/^ - >® i: ©&b 

[0 0 4 7] fot, -SClSXf- 5/±©SEfSSIR 

©» t ©s« x t— ± ©®s*«© t 5 

^ > h »ft £ L Tfrft 3 c fc ic^DX /I/*- 7° >y h 
©|p]±*BI 5 C t T * S fc h & 75^ ^ > h Bf © 
ttSOXf- ^ ©ffiB* WS L- Ti^c BU©=F*tWW*J 
^ffg tftott, Ffr^OT^S-Hc <t D M^©fft75*<QX 
•f — ^©{ufiga^rfTft fo^M i; 44 C 4: 
±8B&TM+£> I f$*t H - A#g#f $ * 3 fc #>© X r— 

^KS*ffi*/>£Wt-r §ct^i cnc^o asx x 

- ^ */j tr a c i: # * a « 

[0048] mtmeicmw^ymFM, vx* cr) &c 
srjs&k (wi, W2) ±fcisaB«3t , r*ia»ii}tSB 

i s*xt--> ; (ws i ) t ; mmm& 

(W2) LTHfliSS llfiXf-^ (WS 1) £ 

W--¥art**lESfi 1 HXr-^ (WS I) timiL 
^«iteS2SIXf-y ; (WS 2) t I wlMRB 

XfrXi (pl) t e>n, tuiBSffixT--^ 

(WS 1 . WS 2) ± ©fi*|i v - ^ & tfs u IBS* xf- 

s^i c « * n fc s ± © - * ^ a s fc A6 o z 

^>f (fifljfcfcf 2 4a) i; MfBtS^>t¥^ (P 

L) <Ot8»*^i:WiaT5-Y^>h3S (2 4 a) O^ai 

4»^i:*3ffi** i W^j^^~'^SiJ^e> WlB^ l SfiXf 
-V (WS ]) 1 «^«0tt««:ttS'J-rSft«) 

CD^ 1 $Jft» (B I i X) fc, 1 IKfnltDfife^ffllJ 

*^#jlB^2»1gXT-— ^ (WS2) CDtulB^ 1 tt^lR] 
^ffig^l+r^^fc^cO^ 2 Sjgtt (B I X 2) fc, tu 

iBfstJ^^^ (pl) ^si^^MfB^ i tfttat^-r 

S^'SS'JStt (B I 3 Y) USSST 5 4 X > h?k (2 
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30 



40 



(b 1 4 y) t^m*., cn^ccmmm (b i i x— b 

I 4Y) tc<fcOM8HSl&tfS2»S^T— >^ (WS i 
RTjw s 2 ) CD 2 3*7EteB«: J E-n j E f nfff-iBiJ , r ST*It>' 
XrA^: ; ftutBS i ISXf-^ (WS i ) &ZfmM%$ 

21iXf-y (WS 2) iDfl^-S<?)Xf-^ffii 

^tuIBTrMf vXt- A^)^ 3 (b l 3 y) 

Tfi LOOlS-^cDX7~- ^i^^jSSffi^r^ LT 
^SMtc, fflHEffi^OX^-^OffiB^WiBTWW^^ 

irA(7)m4»S# (B I 4 Y) TfiS LOOhuIB 

fft jj cd x -r - y &c ffi jf ? n fc jcs sis ± <o v - ^ ta IB 

fK'^X-r— ^lOS? v — % t <DfS B fl#; ^ Wf B T ^ 
•Y X > h 3* (24 a ) ^ffl^>T*a6S i:£fe^> MSB— 
77 ^ 7; x -v^^^n fc ffijCSfi <D H^* S£ , fj IBffi 
75TCDXT— ^OffiB€:WlSS 3 SWfiWl (B I 3 Y) *ffl 
i/>TfI LooM8BJ3f^¥^ (PL) ^^SiulBvX 
* <7)^ ^ - >«©S»fflB i: *9Cfa*OXT— y±©» 
t^ffiSMM^fe^W^ (9 0) t ; * 

[oo4 9] cti^ctn^ *j»*a-eti, S I s«x 

~T—isRTjm 2 S S X 'r—i/(D\H(0~'?5(D~A-T— i/ (D ffi 

L ooi-A" OXf- ^± ©SUG5SS*S»-y£ t T l > m 

itSTj ©x -7— y±<Datpv— ^ ^ <Diiiwmt%%y ^4 x 



$ n /c ^JS»1g©M^ ^ , fll27? ©Xr— ^ © ttS * 
;^-yI«{fiIt 1-H27-J OXf- _h © g2fl V - ^ 

fc©{iBll^>SfeSo 

[0 0 5 0] -T^t>^. »J»¥STttHa8H ' "7j©Xir» 



5Q 



i Nr7&iRi©»IStt (SB i Sys^&ti^ 2 KISM) ^ 

itst§^3 sygw©ififly« sffl^t-s^xf- y © 
ffiB^r y < L^mm^^fr lt© 
vx^/^- v#©m^*Mt^: ton &fig^ jtd7?©x 
"T* - ^ s n fc ffi .csm® ± © v - y t myj ©Xt— 

^±©S2p ^ >: ©lafi^^rT 5 ^ > h^©^tB 



at?* 2 austt) ^«:^^S4»Js*ft© 

ltiMffl^T77^1g% < lEfit^^W C©cfc 5 
L T 7j © StS X -r — © t: © X r - - 
S/± © T -Y X V b mft £ &m'-7 L T f t ft 3 C £ # t 5 1 
•o©T\ X^— X°^y h©(q3±^r0^C fcA^pTftBTfeSo 
[0 0 5 1 ] Sfc, IffifSta, -7J©Xt— 

«f s n /c ^jss« ©a^ft . -r ft to ±t a© m x -r - ^ 

©lfi^^7^c> fW©X-r- ^©ttB^* 3 ffliJStt* 
ffl l >Tfi Loo^'iJ^^ tcj;^vx^©/^- > Us 
©S8J&B £^77©X-7— ^_L©»pv- ^ £ ©fflBBB 



(10) 
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atgii^T^-Y.^ yhv-^ t (Dium mi&bm m ^ n ft 

(T^^^y-hm^T Lft) ttoxf- s^c-oi^T 

-ess* 3 tc& d , ag^ox^— ^±<ds*£v— ^ 



%>m^ c <Diiwm% t m la t 5 * y b mm^m t m 

"Ji^^^^o t*&*)^ 77^.^> h^OflWOXy-— 
^iOfiliSSl IT'/- ftMMfflAWM^ t & o T t> , 

ti ^c ioaiXf- s> fc'hSffc-TSCfctf 7? * 3 o 

[0 0 5 2] C<D^§^C$5^T> |*^7iClS«0^ 

-e s o r ffif iaa* (pl) iCci:^ ffi m v X * 
( r ) * - mmam t -msws<o x y— ^± 20 

^X^AcTJ^3»jfi* (B I 3Y) OtfS'Jffl* U -fe y h 
t^i^Cbttl^o 

E«Ofi»»3t»«U:»V^T, «HE*J«¥a (9 0) 

it , mMmjjoi x y- - is k Msn ft mmrn^t <o v — 
<&£r*toft € ©taiaag 3 iBij«ttoftsy#s*ica^i/^T 30 

7- - ^ tc * ti ft fi5jES«*B}1£*r §c^M^t 

[0054] ctucfcnfcf, ftt<DXf-^:§jf?n 

vx * <D/<* - >«<D«RffiB fc «»(DXf- y±<08 
£ Ofugffl^^toft <t S'OJg 3 $jgWlO§r$j 
ISSfc ^TfftT? <DX -r— ^<Dffifi**J» L & 5 ffil 40 

£ ©xf-y k ^ n ft 95/s»« ffe 

55" <Z> X f - - tc * ft ft S£/C»tE± (D v — ^ i: * <0 ffi 

*C , * <D tft S fl ftft * 3S to ft fS t C fl & 75 OXf- > y <D { ft ■ % 

[0055] 'ccom^cm^T, m>Rr^9icmm(D^m 

(DbU<, tufEM®¥© (9 0) ti, MIBffi;^OX-r-^ 
tcfii«fSnft!RlSSSO«)feft*c, BuIBffi7?^Xf— ^ 50 



S^^tx ^7^t§C^ 7b x 'M * L ',^0 

[0056] ccD£5ic^-%mtitei£, mm^-mcx 

D , t^-y * > b ^o^W^rt&c^c>S*XT--^ 

±(DStp ^ %ffiM^a6 L ft «^T«^0X t— >>'± 

iCaS^^^^Si5x^-^^±^T?T^a c 

tCE^LftB^HT K mmT ZRXSmmT 3©*jMffl 
SfiX t" — ^#JT*T& 5Ct ^pJftgfC & <DT\ Xyl/— 
[0 0 5 7] £ft, (I£Oti^CfcU^T> 1 O^CtB 

«oaWOftP< > WIBffiT? ©Xt v _t v - ^7 5: 
A^4^yfittOftPjffi[^rU^^ ht§i:7fclttg 

[0058] 3i>j<>i i 1 icmmomm, ^x^ (r) 

tcJBfiRStift/^* — VO«*aiB«*3fi (PL) 

tisas (w) ±tci^«>t-rsa»»jtt»iBT*o 

T. MiCSS (Wi) UT 2 ^tc¥® rt^r^WjnJ 

ftg^m 1 SSXr-y (W S I ) t ; SUS«« (W2) 
*ffiRfLTH&IB» 1 SfiXf-^ (WS I) tm-^i 
rt*Mffi*l»tEX'r— ^ (WS 1) fcttttfttcSffcn 
*4»21SXf-^ (WS 2) t: ; milB^ 1 aftXr 

— *J (WS 1) ru IBS 2 S1£ Xf-^ (WS 2) t 

(D m x mi&&&(D § ^ii l ^ ff a v X ^ A ( 3 8 0 

-2 0 0) i: ; mjIBfSU^S (P L) fcttgyicl&ttB 

^iB«ffiX7--^±cD«-*v-^sD^iasffixx 

- >>' lcU¥$Z n/cSMSi^v- ^ ^ffif a ft too 

t^y^ > (ffj^tf 2 4a) t ; mmm 1 ssxf 

-> ? (WS 1) irMfB^2S®X'r-v (WS 2) cort 
CD— ^OXx-^VoWj'IB^^Xt-A ( i 8 0 — 20 

0) t(Dmxmf^mm<D^mL^dm^ m©x 
*»j«i*rs»j»*a (90) fc**ru eww^a (9 

0) tt, mj I B-T^O X ^^Mf B^M ^XfAi:(?)ffl 
±^S¥v-^ ^MIB7 5>f ^ > h ^O^ffiM^rttcA 

[0059] ctiic^niz, mm^mck s 1 a* 

Xr-^Sr/^ 2 liXf-^^O-^Xf--^ 
flS^i 1/ X -r A fc <D N TJRJSatStDSttifi b 5rfi 5 ffl ^c . 
fteOX^-^^lI^»^?rfT-5 <fc ^ fcSXf-^1 
{^^fftiJS^n^o !J£oT, JfetcBiWbft^FlHT i OiftfP 
i:, BfP^T 4 0®j{^i:^MfTM£fT : ^^o £ft> *J»¥ 



19 

-^cofr^^i^YT^:^ c: ttf^^Zo Sic, SSSstfe 

T 2&tfl$lfflT 3 OW^^-7?^a^Xx~- ^flljT^T^ 
t&»Smzfj:% 0 fot, (T1+T2 + T3 + T 

[ 0 Q 6 0 ] 

[0 o 6 1 ] m 1 fctt, -^81l^iK(cffiS«K«^aiB 

3 o <d jaw ^nti'^o c i o 

[0 0 6 2] uCOSIJIf^g 1 CUt ^--Xag 1 2± 

fcSRjESSi: ITO^xaW 1 , W 2 ^n^n^Rpb 

r-viS, C <D X ^ - ^ »B <D ±# lc es ?tl/c 
J£3*5S P L , «j»^3R P L flXkfrTVX * i: ltd U 
^/l/R^t bTfifr^<D^fi7?[nU CCT'S Y|*75lRl 

[0 0 6 3] MfBX-r- -^gBtt, ^-Xl 1 2 ±Jc^ 

^Sil^TjiRj) Wfcz IT 2 RfflE* 2^3^x 
AXf-y^WSK WS2hs cn^O^XAXf-^ 
W S 1 > W S 2 £rgg»rf §Xf- i: , V xaX 
r-^WS U WS 2C»&J%Itit§ : fiIt>'Xf 

[0 0 6 4] cn^SStePiB-rsi:^ ^XAXf-^ 
WS K WS 2^JKcB&utt^|g|^©x7/^y F 

?> y X K £ 0 0J A fcf 3*ny©BIB|*«o fc 
[0 0 6 5] X^l 2±jClt, m 3 (D^WfflfcTjkiE 

Cffil * a\ i^b^^A- t£ > ^ xi^r;ugyo u - r — £ 

2, 1 2 4iat S^X»U^7*VF«oTift 



(11) 10-21478 

20 

ojffift* 2 O0»Wj8|5W 1 14, 11 SRtfl i 6, 1 

ff^l 14, 118, 116, 1 2 OOJffiSSBtca, X 
WMJ ~7JM F 1 2 2Xte 1 2 4 *±^&tf 5 H 

*5?K C n 5 ^ |g ft xi ; b ^ X U ^ 7 # F 1 2 2X 
(4 1 2 4 t IC «t -3 T, 114, 136, 11 

8, 1 2 O^rXtftTJln] KHMtrfS K—i£ytfn>()Vm <D 

ux7^-^tf, ^nfnM?ntv^o fib, 

10 coffin _tIB^t^Ml 14, 116, 1 

18, 1 2 0?:XttUx7^^^^t^i:1*l > o 
[0 0 6 6] £^2oOX»y~7^— ^ I I 4, I 
16H, Ytt7Jfn3^®tfS Yi'Jx7W F (flUJAtf, 
A - tf > ^ ^ * -y r S © U xi 7 r - ^ O @ ^« Xf-Y ;U 

Octd^^^D) i i ooi^&c^n^i^w-^n, s 

fc, 20(?)XttUx7^-^ 118, 12 0^, Y 
W^^ffit55lRlfil^YttUx:7'^V F 1 1 2 <DM4»fc 
SS^tiTl^o t£oT, Y»UX7^F1 1 0^, 
XiUx7 : &-^ 114, 11 6^i:otXiyx7^ 
20 >T F 1 2 2, 1 2 4 iC^htfiJtl, SfcYttU—T* 
^jV F 1 1 2 (i, Xi 1 Jx7 : &-^ 118, 1 2 0Ci; 
otXi'Jx7^f F 1 2 2, 1 2 4(CfaoTIBWj$n 

[0 0 6 7] —7u, yXAXf-^WS 1 ^iS3|5^«, 

F 1 1 0*±*atfffl*^6Htr 
^gj^^D V \y h ^tgtf ^ tlTfc J 3 , ^y h 

>YiUx7«V F 1 1 0 hJC.fcoT^x.^XT'-^W 
S 1 ^Sr Y #75" fnl t'C ffilftf ^ A- e > y v -^^ bmco U 
x7t-^«^ntl^o ^/c, vxaXt-^W 
so S 2 <DJfia»£ tt, fteTu'O Y M U ^-T fU F 1 1 2 &±3j 

C(07^7 ht YWJ—71M F I I ZtKX-D 
TvXAXf-y'W S2^Y WTj rRjtcgglftt* § A- tf > 
^ V ^ ^ ^y h g! <0 U xT^Er- ^ A^J* ? tl T V ^ 0 
[0 0 6 8] f >5:^tS, *«iTil ±»LfcX(Hi 
UX7W F I 2 2, I 2 4 , XiUx7-t-^ I J 
4 , l I 6 , I I 8 , I 2 0 , Yffii U —7 if J F I I 
0, I I 2Stf^x/NXr— S/WS I, WS2,iggf J CD^ 
gl>T^DV ^ ^h^c^ot^x; \X -7— S>' W SI, W 
40 S 2 £r3fo£ b TXY2 ^Tn^KiT § X t— ^IBiftJR*^ 
tfJntl^o CCDXi7->>BE^^, 0IOXr-^ 

[0 0 6 9] YttU x7W F I l O^Wci 

tt^nfc— WOXWU^T^e— ^ l 1 4, 1 1 60F;l/ 
^^gTW^t^fT, '7xaXt-^WS 1 £C$W>3 

miC, YSlb:7^Fl 1 2<DW«BfC»^e»n/t-*r 
^X»Ux7^?3 18, 1 2 0^h;'^&g : FnJi 
9"^)*T\ ^x/nXt-^WS 2tC«^3— 



(12) 



¥?m¥- I 0 - 2 1 4 7 8 3 
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[0 0 7 0] buIB^X/nX^t— S/WS K WS 2±lC 

WS 2©±i(c(t S^COS^V— ^rtV&SSttfcSip 
V^IFMK FM2^)^x;nWK W2 t^n^tl 

« i: is £ &c % 3 £ ? $c iss ?nti/^ 0 c n e 

[0 0 7 1] "Jx/nXt-^WS 1 C0X$fl]^fp|— 

ffiijoss (ei i jcfcnt^stJiS) 20^ yw^^i— mom 

WS 2^X$iKiWM^S (0 1 &c*5ttft;fr(RiM) 2 2 

it >- xfA *r«ww ft ^jfiW^T *w- a * 

k^a) fr£©S£ffi;£ff$JU cwaD, ^xaxt 

-yWS 1 , WS 2 6D2^ffiB^^n^nlt^^n^ 
[0 0 7 2] HUfB*Heft*3S P L t LT&4> ccm 

b r> &$ctK Pi«t- U-tz > h U \y £ Tm^^hfg*, 

[0 0 7 3] C CDSBB)t¥3R P L CD Xtt^ftcOf^Wc 
^X (off-axis) J3&<D7' * 2/ MS 2 4 a. 2 4b 

is&tpfot—m £ o *n^nw-ffii»«»i*nfcffl:ii 

£t3:«£nT^fto Ln6W7-f^yh^2 4a, 2 
4 b L S A (Laser Step A3 ignment) IS> F I A aq 
( Filed linage Alignment) IS, L I A (Laser Interf 
eroraetric Alignment ) &<D 3 WM^>T 5' ^ V h -fc! > 

•9-#<r L T ft 0 s £ 1S_LoS*P ^ & rj V x 

/ >±<E> 7 5 * V h V— ^OX, Y 2 ^7r7J[n]6D'fuHSf 
[0 0 7 4] CLt\ LSA^t 

ft»T ft gfe iRfflttofc 5 >-»j*T*fc 0 , *a£*2p 6 SiS 
t^ntX^i/^c^fMo f I A3fi«\ Any> 
7V^7n-F;^K 0£»«) **HWE so 
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M»^^lCtiiefffl$tl§o £fc, L I ASM*, 

[0075] &mm&m-?&, cnssisw^^ 

3 ^tcv- ^ <Dffifl«:«fcfcH LT^xa ^M^SffiS 
If ilW^tTfc 5 1/ ^ «> S 7-7 -5 -< ^ > h ^ V x/ n± 

[0 0 7 6] COtl-g-, 75<t*> F3S2 4 ali, ^x 

xaw 2 lor 7^^>f ^&c/a^— ->IFM 

[0 0 7 7] Ln&t077^7yhS2 4a, 24b^r 
Wlrit-r ft *7* 9 >f ^ > 6 £0«$fit4, T^7-f^ 

n wnflia iT7-^ ffia^^tb * n « 0 

WffiMSIE^*^^ 2 n ft £ 5 *c & o T l <^ o 
[0 0 7 8] S ^('C, *SIStBKffiOB^« i 0m 

1 , F M 2 ±(DV— ^ fc^RIBttuRJK-rSfcfeOBJteft 
gWftTTR (Through The Reticle ) T^Y^> 

h )fc¥3K*^ 6 A ft — WO v - ^ S 4: L T cd U 

f^^T^Y^yhifll 4 2, 1 4 4 ^i3^tenT 
l^fto (ineoUf 4 2, 1 

4 4<D$^tii8-^4, ±$WSS9 O^^^tiftct-5^ 

fni/f^;l/77-Y^yhiWl 4 2St/l 4 4^C# 
< fz&CDiMlul^^— 1 4 6jRtf 1 4 S^SHgffi^SBS 

ti^nii[p]^^— i 4 estf i 4 sm^m^n&o ^ 

*5, l/^^l/rv-l'^^HMl 4 2, 1 4 4W 
C0*^c^4, ffijx.^'#lfW7 - 1 7 6 4 6 SW^m^cm 

ft 0 

[0 0 7 9] icfc, EI 1 •ptiH^Sr^BSLfcA^ Si^Tt 
fi?L, 77^f^>h^24a, 2 4 bCDttl^tltC 



(13) 



^mW- 1 0 - 2 14 7 8 3 
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24 



f~A F / A L*J 1 3 0, 1 3 2, 1 3 4 *<IS 

tt^tlTl^o tKDrt, AF/AlJi 3 2^, X^-V 
>'IBaD U^-^;bR±^D^^ — >^r^XAN (w 1 X 

- yffMffi 9 nW <DB)1£B £ ***S!B)te¥3R P L^ffl 

AF/A L3S 1 3 2 h LT, l/>bti>S^£A F5fttf 

[0 0 8 0] C Cc\ lOA F / ALU 32 JgrflMg-T 
S^jSA F^Opae^fig^Ol^T, 11 5 El 6 tcSo 

[0 0 81] C<DA F/A L3£ (£/£A F3S) 1 3 2 

a. B SfcSsSftSJcSfc:, 3t77-Y/^l 5 0, 

UVXl 5 2, ^$ — >J&r£$fcl 5 4, U>X1 5 6, 

\ 5 1 t, »M%b>X 16 2, 
16 4, SB«U>X] 6 6, S^ggl 6 8^fj,feM 
ft^lftl 6 1 ^^IS^ntl^o 
[0 0 8 2] Lut\ CIO A F / A L 2ft (^^ A F 3ft) 

[0 0 8 3] g^ELfc^^^XAWl (XttW 

T#^«n, Lo^r-Y^s 1 5 o/j^wm? n/cM^ 
a, u>x 156, s^— 1 5 satfjssjttwuvxi 

(XttW2) cD^ffi^^LT^^-^^te 1 5 41 

(D^$-y (Dim^tm a x tc J* l r i9fB*s« * n 

16 2, [Hl(K7?|p3tgW« 1 6 4FXVWMUyX\ 6 6% 

ffxajta i 6 soSttffifcKlBStu §>tg§ 168O 
i?n§o ±a«]gl9o^, ftnH&m 7 2 

J*S1 5 4^XU 7 h;S# — >fc|S|80 
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s i > ws 2*^»#j«isn*o ^lt, m-ytzy-^y 

XtflST LfOXAXf-^W S 2 ±<D^x;nW 2 M\ 
<y<<*y h ^^>X^7 LfOXAXf -^W S I 
X*^T*ton^o 

[0 14 0] H8fc^2nSfi«!ln— ^^^sR^S/a 

io > h^2 4 b (?y-FlcXV^-5t& F M 2 _h^S^V-^ 
MK2 m&m-Jtf £> n&£5lC&oT 45 0 . ftijiSO r> x 
; N^ftWrfl p i:77^^>'h^>xt t S n S # 

<t%& c #Jtra, T*I+^XT*iA(DPJSI*B 1 5Y%Wt 
^T^ft^DU-fe^ hftW^, T^-T>>h^2 4 b^cj; 

[oi 4 i] mc, m 7 covxfefr h 8 (Dvm^&'n-t 
o^T»jf!irr5o 

20 [0 14 2] ^XAXf-^WS 1 fefflijn— 7-V> 

JtlSSK^P Lfl3*ttAXW (SSJ^^lO cd» 
"Rcl¥v-^ffiFM I ±(D^V-^^^f4S (III 

i o (a) S'Sisn^tf, ccD^aco3^4 j T 

so [0 14 3] t"*^^, ft&ClftWLfc^'Mc, 

S 77^^>f^24 aCOST^a* 

TSySfftB I 4 Y CDT^fW U -b ^ b c nTl^<DT\ 
CtDffilST^XAXf- v W S ^-(Dffi 
Ifr6fftt)^oT^S77>f^ > h^2 4 atD^tB^ 1 

n§c tco^i^pJSttB i l xo^?$9f i 6 coitfflutt^: 

40 -ex^Loo, ^xaXt-^WS 1 ^-^g|B Lfc^tX 

filSt^xAXf^^ws i ^Kj^ti^ci:^^ 

[0 14 4] fit-, ilfflai 9 Otii, 0 1 0 
(A) ^tl^^^C, U^- ^ "y -1 *l/b WMM 
1 4 4 , 1 4 2$C<fc DIM^^Tl^v- ^FM 
1 ^ M K 1 , MK 3 fc^ft&CttJSt- ^ 5 ;"U_h 

V-^RM K 1 , RMK3WX; ^iS±Si?#^)ffi^M4 

so [o i 4 5] mi o (B) iz&WrZAR toy?— y R 
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M K (RMKK RMK 2) £D^x/NH6±tS!fc&*^S 
ft, H (C) fcfia^v— ^ffi±(DV— ?MK (MK 

i s mk 3) ^nn^o gg i o cd) 

010 (A) Otttt-e, U^/l/79^*>h»«il 
4 4s i 4 2^l/f ^;l/R±0V-^RMK (RMK 
1, RMK 2) CD^X/'Nffi±jaf${St:a*V— ^ffi±0 
(MK K MK3) SrlHIBSfcttttrt" 5H4MR 

o <Dmj-tf& znx^Zo c<Dmi o (b) 

SC C D©il#ftS&»IEH#St^ HI 0 (E) IC io 
[0 14 8] iMSSfeg9 OTttCOftJK^iSJBOffi 

^x/NXf- s^ffl )JSB*8g*f T Z % <t 5 *c ft o fc T*H 
[0 l 4 7] <rnir.j:0> »JS«B I l X, B I 3Y5: 

-^iFMl 1 , M K 3 (D&WAilM. t. » 20 

U^- £ ;l/ R ±V— £ R M K CD ^ x; MS±ai5#.M#:-ffi® 

tf«msttsc:i:fcs:9, K#o*s*cj:o«)teffiB eta 
7mki, m k 3 mmi&mcDtmiimmffiftM&b en 

Ck/ O 

[0 1 4 8] f IT, ±*JHlgS9 0m 5fe^*fefc 
S?PS F M i ±V— i?MK2 iCfrfS'S&S' 37b CDfflM 

fitMftt> mmtiMtmmRFM i ±v-^mk i . 
m k 3 ffinffis^ffl^ram; 9 , m^mcm^MWitgr 

T\ El! 1 izff^tl^XoiC 'JXAWllO^^a^ 
[0 1 4 93 ±ys<DJ;3l*:, fMi(DV*zv h mttZii 

yb%k2 4 ai,C&0 ^ffi F M 1 ±©1?7- ^ 

^ ^ >' h P.mSt 14 2, 1 4 4lcX K> M-yciiLW t &m~? 

[0 I 5 0] Jfefc, l^V-^MK i — MK 3t*#tC|Hl 
7-b»y hffao*TSEWiSia^teV^ RMK 1 f 50 
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RMK 2 t ^ A^HS^c J: 3 ^ y -b w h^jfonj 
GBtttf****, M*{f«FHJ¥5 — 6 7 2 7 1 JfiMBteM 
tSS ft U^- j^;l/75^ >' h «^cIS7- ^ 

4 Y Of+Sijfii^r^rx^ Loo, j*> h^T^^it 

-t^C, ill 8 OffiS ST^x/^f- S l&UW&lte 

Xf-^WS 1 <DYflS^[S3?^§JS*rffi2 } ^SfJ^ 
L^cttAX^a^PJfittB I 3 Y#^^o/cB#/£ 
U^5)\sT?^ *yVmfflM \ 4 4 . 1 4 2 ^CJ; 
§I$Y- d7.fi F M 1 ± V— ^ M K 1 , M K3t ^tllC 

$ii&ir%> u?-inis±^—2 rmk i , r m k 3 o^xm 

[o 1 5 2] ±mtmmcLx, jKt»Ttt«*^9x 

^X-r— S^W S 2 8 ^ssasfeiciu-f^ 
■by h»ff*tf*Atfav\ 

[0 1 5 3] $fc, 0 1 4 tcti, ^x/vXf-^WS 1 

ai stca^ cntM^wciT^n^^xAXf 
- s>'w s 2 .bcMt^n^^xAi^i^Tv-r.^ y b 

<&7C73 S r > x / n X x i/±<D <y x 

aw i . w 2\citi,Tm%y~^y*£V^^3t%k - r 
-r ^ > h s/— *r y x t ^m^t l Tfffc -5 c ir . m <t o > 

[0 15 4] tC5A\ 2O(09X/vXf-y«oT 
2 OtDWFff^lHl^pMfffflat- — ^CO^X/nX 

■r-^±T?fTat>nsi!iftft^aaH4: lt, mxw 

xaXt- ^ TtT a ft « SAft ic BW% # x. § 

*fc, ^ic, — ^^xaXt- ^±?fr&fcfta 
iSf^ WlWcD ^xax t * — f^Ttf a t>ft ^- Sj^Jc^S^: 

* & J5: V HI ± ^ R] P# ic ff^^n^J: 5 ^ N ^IM^ 

o £ 5 > ^ii^Ei 6 ft a 0 

[o i 5 5] r >x./\w l i: 

fe^>o CCOtztb, -*£D^XAXf-^WS liTOX 
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aW 2 Tfr&bnST^-Y X > h >— ^yX&C&^Ti* 
±«« k ft S <t 3 k: * -f 5 > ^?Wo t" ftfc 

■6, T^YX> h->— ^^K*3»5V— ^gtSJtt, ^ 

atona fcft, x+ * ynmc t -> t^slsh k a e 

t\ x^-v y^cfueMft LX^-^tmmf ad c k 

*^*5o cn^ai 4&tfiai snst, 01 stc 

fev^r^x/NW ncWLKH^S^f r 1 , 3, 5, 7, 

9 , IK 13, 15, 17, 19s 2 i , 2 3 J T>y< 
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^n&X^-vyfli^k, Ill 6^c4oV^T^X/NW2^^t 

i "4 - o , 7 , 9, 1 j-s 13% 15, 



17, 1 9, 2 1, 2 3J T^m>^77-f^yhT 

fcnrt^sc^^A'Oo -77, r^^^y by— ir> 

k «a s-r^aattsy^tT a tca% 0 

[0 1 5 63 v^^^m^io^r^WMcDct 

-r >y ^cgttis-tpgtc^; i: aswiiftt, nsLSH k a 



[0 15 7] iai/c^-fSy^IIii ±*iJffl!SB9 
OfCcfcoTfTafrtl^o 

T^aei otcctsk. 2^co^x/s^:^n?n&vi^{s 

^ 2 £ x/ \X > :> VV S 1 , W S 2 ^rmii L > 

ens 2 o^^xaat- y% x y z'jj\v}\c^tfj<zw-m 

>' h»ft#ISfr3"«lfflfc:> ffi 77 -)xa.X ^TSft 

S^<D»ifE*« t> 1ft A § i 5 tc Lfc c k 6, X;l/-y 
^y h**«fi:fRl±£-tfSC kfttRTftgfc&So 
[0 15 9] ±aE<Oftff*«D«*aBSfc, WD 

jft AftOlftff T'ffiffl $ ft 3 SiJ«*ftO r f t$lt^ U -fe >y h f 
§ k R| b# sr. x y n x -r - frcKJKS n /cS'^-^ K 
cDltiP'J v-^ > X % €> t fa U^c L /t ci:^^ 
ft v X t- A CD ffl Sift A^ x ; \ x - ^co j5#t rfi G&Mbffi 

-&^a<, ^x.^x^-s>vjs#tis (©fta^syicKW- 
^x y <D'bmi t%&m % , r<* wic ^ # x 

/■ NX T— S>'^-S(Dg S £ ^7 X7Nltfl <fc D m& tC^l/ ^ 

ffl^iAfc«3b^^ k a § tc*p^ , S^xaXt- ^tD 
[0 l 6 0] S)tft^^T^ni>*60^x/^x 
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2, 14 4 (|«77^^7h^^) JC^OS^V 

h m ft (o ft t> nss<wxA7 -r - 1 > t »j s m 

--fm^V^zy b tm^T^^f ^y hJk2 4 aXf4 2 4 
— ^7ffi±V— ^OltSy^T^-f ^> h?S2 4 aX(i 2 4 



50 



DSva ^y hOgE^iJffi® (M^fflffiSffiS) 1 <DX 

teffifig^:^ ®»ymic\y : f-^jV7^^^y bmm 

Ml 4 2, i 44CJ;D Si^^^ P L ^LTMv 

k U^-^;WS^ffi&ffiSkOffiWfuS 
Mff^m 2 OXr-^SI^i'e^fli L, ®_h!B® k© 
k^rfflt^Tft^ a«yh OSS^ffa 5 C k k LfcOT% 
^x^x^-:y^^fSfi%giI^§T*l+^ 
x.Tt'ftmfiTB^^tfaa C t^f^o COSE 
«^©*4«»«^3Roa»ftii& k T 3 << * y V3k<D*k 

k ^r^n^itffl^ § x 5 -y vttS'j^rtf a ^ c 

ka<, J >x^cDffiS^t)^^nJfti2kaO, ^MT7 — 

1 7 6 4 6 s^^ciam^n^^^a^tasmv- 
^so^igfe^Ska^o 

[0 16 1] ±fB^»»ci:^k, tgjB3te¥* 

P L «r^t?T— ^^ffi^rfta -5 ^>a < k fc 2 O^T^ 
^ > hJk^MW. LTl ' § fc 2 OCD r > x/nXt — is 

^mz-f h ir c k ^ i t) , §77-f^>h ^^5£5^c 
ffi o T fir a ti § T - Y p< v h ftflP k k *M?T 

Mat- set ^ qt^c a § o 

[oi6 2] *(D±, ±iBHfifi^lfitc cfc a k , *>x/v£ 

tn * fx a 3 ^ x / n n - w 7 ~> -f^ybmoy&m, w 
, §77-f^vb ias tit a x. ^ d: 5 ses ^ nt i > 

Sfc», ! )XA5»? ) 77'i'.^y — ^r>'X^\cD^ 

[0 16 3] ±iB^35Sff^cJ:Sk> ±aSLfc 

^daiSX^-y^y h^'f#6n^fcA6, 4^7T^^XC0 
77-YXVh ^*Si$r6=¥^ P L £ D *t < 86 L TfiB 
Lfc k LTtX/K-T 1 ^ h0^ftOt51f^5&k^< a 

ka^o 

[0 1 6 4] ^fc, ±gaHaHB!»*C cfc S k , 2 0CDT^ 

^ x > h^stfSiJ) 1 ^^ p l (D&ytmcom^^ttm 
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[0 16 5] S&KU 2O0^xAXf- yWS K W 

I 1 X, B I 2Xtt, SlC'JiAXf-^WS K WS 
HSftfS * ^7 XA X X - ^ <D X M 77 fn] fig 

[oi6 6] jft, ±9smtin&mtc&zt. 
[0167] m^iXs t i (^^^mm) , t 2 

fj\ T3 : 1 2fj\ T 4 : 2 8#^L/ctf^, 1^)7 



X/U— 7 y MHOR - 3 6 0 0/ (T1+T2 + T3 
+ T 4 * 2 ) - 3600 / (3 0 + 2 8 * 2) - 4 1 

Hft/B#] fcfttK lOO^XAXf-^ffi:?!-! 
»3tS*«»t4«E*»IO^^yy h (T H 0 R = 
3 6 0 0/ (T1+T2 + T3 + T4) - 3 6 0 0/5 
8-6 2 ttfc/RS] ) fcj£^TX;W- :7V h^6 6%S 

*ffl'^TT 1 . T 2fitfT 3 tT 4 i: £rM^M3S L&tf 

hTHOR = 3 6 0 0/ (2 8 + 28) 

= 64 m/m t a o , ^mi*.* t d o f ©ipUisss 

*««r Loox^y^y h fctf 

c t & *sm t & o . r v * >- h jp]±T § o 

[0 1 6 8] «S 2 0>^8fiJBfl8> 3*tfc„ #»W<DS2© 
^6^88*0 1 6&t5[gi 1 7*cS^VT!KBjrr3o cc 

[0 1 6 9] Cc0m2cD^M®fI^©f^M^a»^, 0 
1 6^£n&£MG, ^xaXt-^WS 10—330 
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fi£ (WS 2£0— SaOft^kCtlfclBTt;) SJSttB 
I 4 Y t B I 3 Y hOfflSMSBltB L (Sijfitt B J 5 Y 

tB 1 3 y tmrnmrnm^ ctitmm j^dk*^ 

)^S/--^yXcO»ttIi:T^XAXf--v ; WS I (X 

bws 2) jb^n-riBK:, aijftt;— 1 4 y cx« 

b 1 5 y) ^f^^SS»^to^i5(i:%-3 



10 pj^Rjftgi:^^^^ tui^b/c^ 1 ^^ffl^fti©: 



[0 1 7 0] Hll 6fctt. ^xaXt-^WS l± r >x 
aW i 7 ^ ^ > h m% TLfcfe m S Ifl B I 3 Y£> 
T » ft (D U -b ^ h ^& I T * r> T I fif =F ft 7ji S n T I ^ 0 

[0 17 1] ccom 1 6^^> ti^^^^J;^^, 9 re an 
Xf^-^WS 1 ©ffiBSrSaLTl/^sayfiHB I 1 X, 
B I 4 Y^T^St^T^/^^ h^2 4 atcH^XA 
Wl ©77^y77^^>h (MiSbfcEG AtC«tOfT 

s 1 o y $fi7? [pi— wffifrcjgrii? nrc&mffifr b s c 

3EWJWi6H 9 0 Ttti9JjR«l B I IX, B 

I 4 YOTMtOStTflWB^^xi^Loo^x/NXx-^ 

WS 1 S77^y MK7ffi«A^S*U>XP LOT^C 

S¥v-^iFM 1 Wfil^ten^a 1 eofit^T 

P LOKT^ffiS^^^^fitu^PjgttB I 3YCt* 
Ittf — iA30^a:/NXf— > ; WS 1 (DSttiS^TStt^tl 

[0 17 2] COif >)XA^r-^WS 1 OffiHi 
PJgtt B I 1 X, B I 4 YOTSttOttSliKS 



CT3 



90m ^xAXf-^w 
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S l Offefl^iE^^WaT^ Tls'o, £<r>m& (S^"v 
M) T\ fflfittB I 3 YOTMSU'b'y ht5o U-b 

b i l x, bis y <&TBit<DiYfflmcm^^T fifth 

n^efcdi-c^^ (ii ^xf-i/.ii^^^S2^xf 
— ^/ffis is ^ mm%k<Dw o#x. A^t? a t) ti s ) o 

[0 1 7 3] ^C0V£, iM»ai9 OTIil 1 6^2 
n^Wic^XAXr-^WS l^rffifiStfeb^ U^ 1 ^ 
A<mffllM 14 2, 1 4 4 ?:ffi^Ti)il?Lf:S 1 
»0»*fcHIW«:, l«5:fflV>T»^-^iFM 1 
±C0V-^MK 1 , MK 3 ttni f Cti^^>U9'^Jly± 
V- ^ R M K 1 , RMK3 <D^ X/ Nffi±SB^<Dffl*H& 
■ttUi. tSWv-^RMK 1 , RMK 3 i:g7tiuH 

p l ot9»*ito t mmimmmowti 
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IISI^Slv-^iFMllV-^MK L MK3 

(sua? Lfc 2 IftKte) £ftft? (01 1 #fiB) o 

[0 17 4] ^ffig^jJSCTiSWttB 

>Wft ton-cva ^ -e^as-^ « ^ v ^ 0 

©»>XAXf-'>"WS 2tt, fflfifflB I 2 X, B I 5 Y 

^frsnTc^So ££>±ii^\ ^x/nxt- yws i wit? 

tt, tuM^&K, 2«»fc#ft;&frftSOT\ ^XAX 

[o 1 7 6] ^xaw i ^m^±rmjhttm^T:\ 

±MUWM9 OT^ifiiB MX, B 1 3 Ytf>T?$tf 20 

otf-iWtt*^— * boo, ifljfitt B I 4 Y(DTM\¥— 
St^XAXr-^WS i^SWlU SiSttB I 4 Y<D 

$|ft»%$'Jfi»B I 1 X, B 1 4 YlCtfJ^gW-T^XM 

Xf-^WS 1 r-Y >^#^">'3 yicmJi^&o 

[0 17 7] CO^Wj^C, ^gKiiMSfflB I 3 YOf 

H7XAXf-^WS 1 (^ffi«SJP0fc^^WS$feC>^D 30 

«l XI Yf ft t> ft T I ■ ^ a CO ~V ^U fSttM V ^ o 
[0 1 7 8] ±$ijfflSS9 OTIt ^XAX7-yWS 

frLT, ^XAXr-vWS 2«-?- ; 7lFM2^ 
St?)tmp LC0TWuSf^^t'^<, 9XAXf-^ 

ws 2©#is*ijijMrrso co^co^^t, mtiSfciRi 

ttKLTiWJSttB I 3 YCDT r$tf(OU^y h^frU 
*<D^ 3U5i6hR^CLT, Is*? frmQlSL 1 4 2, 1 
4 4 ^ffl^T^V— ^ffi F M 2 i^^M K I, M 
K 3 t ZftfctttiKt & U^- £ ;l/±v— ^ RMK1, R M 40 
K 3 0^^NS±S^*Offl^{uH^tb> t"ftt>*>V— 
* R M K 1 , R M K 3 t Btttfiifi (t9K)fe3*3R P L OS 

® F M 2 ±V— ^MKl, M K 3 ffi«4M<Dffl*MftBBtl 

[0 17 9] 01 7(Cit C CD 9 Lt^XAXr- so 



> ; ws 1 n-f-i' y w^->3 y$t'8Hsn^ ^x 

[0 1 8 0] C^n^y^^aVtlt |g 1 <D 



^t£FM 1 ±(DY-^MK 2*MftB'3W";£*i5 



TtlRl^ftC^l cOXf— (Bl I X, B I 4 

Y ) itV-^M K 2<Dffi«lffiB** 1 O^SSffJftl^I 



SIT E G AfWR'^SSU iq CJffi«3fifCt3tJ5*->3 
v bommZM&Wmt&o HP "5, 4S/3 7h©ftflffi 
B b S^S F M 1 ±<D £ M K 2 OHKSffiB^M b 
TV^MK 2*C*l'f SS-S'a V b (DmiiiLSM^n 
ffit^o l«TEGA»^7U ^XAXf- 
vWS 2 ±^x/nW 2 (Om^T^W-D T. StfH 1 6 

[0 18 1] lfc*S 2 

Sift [0M(c^XAXf- ^OSItffi t5#t Sn^cJ:^ 

. h ^ryx©®3mc^DM^E^xf 

(P^^/l/T^-f P<> hffittai 1 4 2, 1 4 4) tc<t 5 
aqiv— ^7 ^ ft»i|%ff v\ ^ X7 Njg^O^C 

^-Y^>b^2 4 a, 2 4 b) iei:Di¥1SlW-^ 

j; a r -j << * > b mvp t m&yt^ p l k & § 

«ia»1M D ^yL<?3^T\ ^jD^X. 

tfftoTi/^cm 1 ©USSjeffiOW'&^Jt^T— B^;U— 
7° «y b c0^3±^rlEI S C fc iilfli fc ft § 0 
[0 1 8 2] ft&\ ±fBSK S 2 OHJSJBftl^tt, * 

j^«i:^3^*ffli?>r*xA«>«)ifi*frft5«Bte 

^^^;Wct20l^ff&9 (— B«)tt) MJC 
Mil ic Wm *e t ^> ffe/j" (DyxAXf- ^ ffiij T7x; 
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mm % (D±m ft m ± jc * * ft * 

^ -a- ic t> w « ssbk: iSffl t * a & c> ^ a 0 01 x. 
&\ 8-r ^^-^x/N^aia^fM (t i-T4) wmse 

fclniai^Safcf *«W©<fc-5*c: 2^<D#x/nX 

T 2 , T 3 % i {f>\/—7t L (ft 3 0©) , T 4 (28 
80 MWfflS^fTft *5 £ , X;b-:/>y F T H O R = 
36 0 0/30=120 [tfc/H$] £ftO> 10(D»)X 

F T H O R = 6 2 tt&/B#] &Ci£^TfS*£fgO 

[0 18 3] S/c, ±|2$lfl6Jg<i7?Hu X-r-y^-TV 

xf^« 7 y F ■ U tf- h^SK iSfcihJDtettT ft 

o r fe mmcmm v^&ct &%jm-v& 

[0 I 8 4 J 

■5 * ft v ^ n rc $> & o 
[Diss] 3=7^ M*x^5^ia«^^^^n«\ x 



nt^SA F/A L^^>T>lTiaT^^o 
[05] A F/A LSt T T R7^^> h^ttlric* 

[0 6] 0 5 - VffMtSOfl^tt^-T 0T*fe 

[0 7] 2-QCO^X/nXt— ^ffioT^XASft • T 

■5 -Y > F -yyxt mytis—'r >x ffi^btit 

[0 8] 0 7<D^X/\S^ * 77-Y^yh^yX^ 



ri:>t/- -y >x t 0 Wkx-Jt'tx ft o /c^w^, 

[0 9] r^-Y >h3RtCcfcaaW— ^«±<DSW 
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--^0^miM^^^^l>fcfe^^T^oT. (A) tt 

(b) (sPv-^mk z^m^o—m&xs^n^r^ 

^C>«7-^^m ( C ) iiv- {/ M K 2 c0®«* F 

[03 o] u^^Ji-T^^^yhwmmcx^mm^- 

( A ) tt £ -5 7 X >' F I^SK-C «t 0 
l/>TS*V-^tBFM I ±V— XMK 1 , MK 3 

;i/±v— ^ rmk i , rmk 3 o r > x 

Mffi±a»«offl»ffi«*ai*SftoT^^*« : f** , r 

0, (B) Bl/f^il/RlOV- ^ RMKO^XAiBl 
•I9i$ll^^0, (C) ^1*7- ?&i<07-*MK 
(D) (A) fct5t*Siii4MJjt)Ji*tott : F 

^^H, (e) tt«ioasnfciii«^»asn»6n 
[si i ] «»w*cj(Ltasnftar)ieffiBi:*s/3 ^ fo 
ft t> n^tti^^tMT$§o 

[0 1 2] 2tt«U^^;l/*<S^t"S— SSg-^fflOUf- 
^ ;bX v^TpT ItS^o 

[0i 3] ~Mmyt<Dm<DmMnF¥%mmT%rc®<Dm 

t$ot, (A) {40 1 2£D/^->'A^ U^- 5 ;b^rffi 

(3) Ml 2 0;^->BfDbf^foT t ) 

[0 1 4] 2OC0 t i7X/\XT— ^tC«fiF?nfc*> 
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